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Abstract 
Heart valve replacement has become a routine procedure in the United Kingdom with 
almost 5400 heart valve operations performed between 1999 and 2000 alone. Typically, 
diseased heart valves are replaced with either a mechanical or a bioprosthetic heart 
valve substitute. Although artificial heart valve design has advanced considerably since 
the implantation of the first mechanical heart valve in 1952, neither mechanical nor 
bioprosthetic substitutes offer an ideal alternative to a healthy, natural heart valve. 
Bioprosthetic heart valves are subject to calcification and lipid deposition which leads 
to leaflet stenosis and ultimately reduces the durability of the valve. Mechanical heart 
valves, whilst more durable than bioprostheses, promote thrombosis and require long-
term anti-coagulation therapy. 
With the development of relatively thromboresistant biomaterials, such as pyrolytic 
carbon, haemodynamic features of prosthetic heart valve design remain the main con-
tributors to valve thrombogenicity. Currently, the only regulatory acceptable means 
of assessing the flow-related thrombogenicity of new valve designs is by implantation 
in animals. Such methods are costly, time consuming and morally questionable. In 
addition to this, animal experiments are a limited indicator of valve thrombogenicity 
in humans since no animal model has been found to match human physiology exactly. 
The use of blood to investigate flow-related thrombosis in vitro is impractical given the 
propensity of blood to clot indiscriminately outside of the body. 
Several researchers have investigated the potential of a rennetised milk preparation 
for use as a coagulable blood analogue in in vitro thrombogenicity studies. Lewis and 
Christy performed milk flow experiments reproducing various in vivo and ex vivo blood 
experiments. Lewis found that milk deposition patterns were similar to those from 
blood and the structure of the milk clot was similar to the thrombus structure on both 
a microscopic and a macroscopic scale. Christy also observed that the adhesivity of 
deposition was increased by agitation following an enzymic lag phase. Christy proposed 
that stasis, and some aspect of agitation, in the vicinity of a surface were concomitant 
lv 
factors necessary for deposition to occur on that surface. To allow the time course 
of deposition to be studied non-invasively, Marosek developed an ultrasonic imaging 
technique and successfully imaged clot deposition on the test chamber walls and test 
body surfaces perpendicular to the imaging plane. He was unable to image surfaces 
obliquely positioned to the imaging plane due to limitations of the equipment. 
The principle objectives of this study were to investigate deposition around test objects 
of a more complex geometry than bodies of revolution, using ultrasound, whilst over 
coming some of the problems previously encountered with ultrasonic imaging. 
Development of a new deaeration system reduced the number of bubbles (which at-
tenuate ultrasound) in the milk flow to a satisfactory level, subsequently improving 
the quality of the ultrasound images. Further changes included the selection of a new 
rennet due to the unavailability of the original rennet used in the milk studies. Several 
rennets were investigated basing the final selection upon the similarity in behaviour, 
of the new and the original rennets, in response to agitation. A new test chamber 
was designed which allowed ultrasonic observation of the progressive development of 
clot structures and rate of deposition around various test objects, namely monoleafiet 
mechanical heart valves and monoleaflet valve models, during steady flow. Deposition 
resulting from pulsatile flow was too thin to be detected by ultrasound. It was seen from 
ultrasonic and visual observation that deposition thickness in regions of highest shear 
was thinner than in lower shear regions. Several mechanisms of deposition structure 
development were observed ultrasonically during steady flow, including a previously 
unreported mechanism. 
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Chapter 1 
Introduction 
1.1 Biology of the heart and its valves 
1.1.1 Physiology of the heart 
The heart is a double pump, consisting of four chambers, which pushes blood through 
the circulatory system. Figure 1.1 shows a cross-section through the heart indicating 
the four chambers (the left and right ventricles and the left and right atria) and the 
four valves which separate them (the mitral, aortic, tricuspid and pulmonary valves). 
Blood from the body and the lungs enters the heart through the atria and leaves via 
the ventricles. 
The right side of the heart receives oxygen depleted blood from the body and pumps it 
through the pulmonary circulation (the lungs) for reoxygenation. Blood returns from 
the pulmonary circulation to the left side of the heart where it is pumped through the 
systemic circulation (the body). A wave of contraction, traveling up the heart from 
its apex, provides the pumping action and the direction of flow through the heart is 
controlled by the valves. There are two phases in the cardiac cycle: diastole and systole. 
1 
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Figure 1.1: Cross-section of the heart with the direction of blood flow indicated[7]. 
Key: RA/LA-Right/Left Atrium, RV/LV-Right/Left Ventricle, T-Tricuspid Valve, P- 
Pulmonary Valve, M-Mitral Valve, A-Aortic Valve, PA-Pulmonary Artery, AO-Aorta. 
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During diastole the ventricles are relaxed and ventricular filling occurs passively until 
the end of this phase when there is a final atrial "push". The second phase, termed 
systole, corresponds to contraction of the ventricles which pushes blood out of the heart 
to either the pulmonary or systemic circulations. 
The atria are separated from the ventricles on the left and right side of the heart by 
the left and right atrioventricular or bicuspid and tricuspid valves, respectively. The 
bicuspid valve is perhaps more commonly known as the mitral valve. The hi- and 
tricuspid valves consist of two and three flexible, triangular-shaped cusps which project 
into the the ventricular cavities and are attached to the walls of the heart at their 
periphery. Tendinous cords, called chordae tendineae, attach the free edges of the cusps 
to the papillary muscles within the ventricles. When the ventricles are relaxed blood 
can force its way through the atrioventricular valves from the atria. As the ventricles 
begin to contract the pressure on the underside of the valve cusps forces them to seal, 
preventing blood from returning to the atria. The cordae tendineae prevent the cusps 
from prolapsing into the atria. 
The semilunar (or aortic) and pulmonary valves lie at the exits of the left and right 
ventricles respectively. These valves consist of three cusps, made from collagen and 
elastin covered with endothelium, which are forced open by blood during ventricular 
contraction and snap shut as the ventricles relax. The semilunar valves prevent back 
flow of blood from the aorta and pulmonary arteries into the ventricles during diastole. 
1.1.2 Pathology of heart valves 
The main cause of valvular heart disease is acute rheumatic fever resulting from infec-
tion by certain streptococcal bacteria, but congenital disease is also a problem[8]. 
The leaflets of diseased valves can become thickened as fibrous lesions grow along 
the inflamed edges. This thickening can lead to a narrowing and stiffening of the 
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valve opening called stenosis. Stenosis can also prevent the valve from closing properly 
allowing blood to leak back through the valve (regurgitation). Stenotic valves increase 
the work load on the heart due to the increased pressure the heart must pump against 
and the increased blood volume which must be pumped. The increased work load 
leads to enlargement of the cardiac muscle termed hypertrophy. Rupture of the cordae 
tendineae attached to the atrioventricular valves leads to valve prolapse' and severe 
leakage. 
Valvular heart disease causes heart murmurs, irregular heart beats, reduced cardiac 
output and can eventually lead to heart failure. Diseased or damaged valves may 
be repaired surgically but often require replacement with prosthetic valves. Valve 
replacement is the second most common major heart operation in the western world{9]. 
1.2 Prosthetic Valves 
Each year, for almost the past 30 years, between 4500 and 5500 heart valve operations 
are performed in the United Kingdom 2[10].  Replacement heart valves must be as 
biocompatible and durable (able to withstand more than 35 million cycles per year[11] 
for several years) as possible. Valves should be easy to implant, minimise regurgitation, 
cell damage and thrombosis, require low opening pressures and permit high flows with 
the minimum of flow disturbance when open. The two main types of replacement valves 
currently used are mechanical and bioprosthetic valves. Mechanical heart valves have 
rigid occluders and do not resemble the natural heart valve geometry. Bioprosthetic 
valves have flexible leaflets, fabricated from glutaraldehyde treated biological tissue 3 , 
which mimic the shape of the natural heart valve. Less common is the implantation of 
a living heart valve from a human organ donor or the translocation of a valve within 
'Valve prolapse refers to the situation where leaflets are permitted to bulge so far backwards that 
they collapse 
2 For the year 1999/2000 nearly 5400 heart valve operations were performed 
3 Typically bioprosthetic valves are constructed from bovine pericardium or consist of porcine semilu-
nar valves which may or may not be mounted on a stent. 
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the same individual. 
1.2.1 History and Development 
In 1952 Dr Charles Hufnagel implanted the first prosthetic valve in a human[14]. The 
caged-ball valve was placed in the patient's descending aorta and the damaged aortic 
valve was not removed. The subsequent development of extra corporeal circulation by 
Gobbin in 1955 allowed open heart surgery to be performed and valve replacement to 
be considered. The first successful aortic valve replacement was performed by Starr 
and Edwards in 1961[9]. 
The 1950s and early 60s saw the development of the first generation of mechanical heart 
valves. The most successful designs consisted of silicone-rubber ball or disc occluders 
(poppets) enclosed by a cage. Figure 1.2a shows the Starr-Edwards caged ball valve 
which underwent several modifications, characterizing the development of the field. The 
original methacrylate cage was replaced by a Stellite-21 4 cage. The silicone-rubber balls 
absorbed lipids which caused ball variance and fracture, however, a new curing process 
resolved this problem in 1965[14]. In an attempt to reduce the thrombogenicity of 
these valves any exposed metal, including the cage struts, was covered with cloth. The 
fabric deteriorated badly, due to constant wear, and resulted in unpredictable tissue 
overgrowth. 
Once the problems of ball variance and wear were overcome the caged ball prostheses 
were functional and robust. However, they were criticised for their bulk, promoting 
thrombosis and the positioning of the poppet in the centre of the outflow stream. 
Attempts to solve these problems led to the second generation of mechanical heart 
valves, the pivoting disc valves, during the late 60s and 70s. 
Pivoting or tilting disc valves, such as the Bjork-Shiley valve in figure 1.2b, were of lower 
4 Stellite-21 is an alloy of cobalt, chromium, molybdenum and nickel. 





Figure 1.2: a) Starr-Edwards caged ball prosthesis; b) Bjork-Shiley tilting disc pros-
thesis; c) St. Jude bileaflet prosthesis; d) bovine pericardium bioprosthesis[3, 15]. 
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profile than the caged ball prostheses and their design permitted centralized blood flow. 
Typically the occluding discs are not fixed at their hinges but are retained by struts, 
rotating freely within their housing. The use of pyrolytic carbon 5 for disc fabrication 
reduced wear at the hinges. 
Previously, bileaflet valve designs had been very unsuccessful, being limited by ma-
terial durability and biocompatibility. Pyrolytic carbon allowed a third generation of 
mechanical valves, the bileaflet valves, to develop during the 1970s. The most widely 
used bileaflet valve today is the St. Jude Medical valve (figure 1.2c), first introduced 
clinically in 1977[16]. Bileaflet valves consist of two semicircular leaflets connected to 
the housing ring by a butterfly hinge mechanism. The leaflets open more vertically 
than the single occluders in a tilting disc valve, producing a more uniform central flow 
pattern with reduced pressure gradients and turbulence. However, even bileaflet valves 
and modern monoleaflet valves cause thrombosis and their recipients require lifelong 
anticoagulation. 
Bioprosthetic valves (see figure 1.2d) aim to reduce the thrombogenicity of artificial 
heart valves by mimicking the action of the natural heart valve. As a result they are 
much less harmful to blood constituents and do not generally require patient anticoag-
ulation. Calcification of tissue valve leaflets and loss of flexibility[17] lead to stenosis 
and valve dysfunction. The progressive deterioration of tissue valves renders them less 
durable than mechanical valves in the long term[18]. 
For some years there has been interest in flexible synthetic leaflet heart valves[19, 20, 211. 
The aim behind the development of these valve is to combine the haemodynamic per-
formance of the bioprosthetic valves with the durability of mechanical heart valve[22]. 
Polyurethane biomaterials have been found to calcify to a much lesser extent than 
bovine pericardium[23]. However, it has only been in the past decade that the durabil- 
5 Dr Jack Bokros invented a pyrolytic carbon, which he called Pyrolyte, that proved to have excep-
tional biocompatibility and durability. Pyrolyte has been used in most mechanical heart valves since 
1969 [14]. 
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ity and function of polyurethane valve designs has begun to match existing prosthetic 
valves[24, 25, 26, 271. As yet, this new generation of artificial valves is not commercially 
available for implantation in humans. 
1.2.2 Problems associated with prosthetic valves 
Didisheim[28] proposed the following definition for biocompatibility: "biocompatibility 
is the ability of a device to perform with a clinically tolerable response in a specific 
application". Currently the problems associated with prosthetic heart valves prevent 
them from being truly biocompatible. 
As mentioned above bioprosthetic heart valves tend to be less durable than mechanical 
heart valves. However, the risk of thromboembolic complications associated with me-
chanical valves is greater than that for bioprostheses. Due to this tendency to promote 
clotting, patients with mechanical heart valves must receive life long anticoagulant ther-
apy. Anticoagulation has its own associated problems and incorrect dosing can cause 
haemorrhaging. Twelve years post operatively, the risk of bleeding associated with 
anticoagulation (warfarin) for patients with Bjork-Shiley tilting disc heart valves has 
been found to be 2 to 3 times that for patients with porcine bioprostheses[29]. Heparin, 
an anticoagulant commonly used in the short-term, can actually promote thrombosis 
in some patients. However, the mechanism for Heparin-Induced Thrombocytopenia 6 
(HIT) is, as yet, unknown[30]. 
1.3 Valve testing 
Numerous follow-up studies of the recipients of prosthetic heart valves have been per- 
formed to estimate the performance and mid- to long-term effects of these cardiac 
6 Thrombocytopenia includes disorders where there is a lack of platelets but also disorders where 
the platelets do not function properly. 
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implants[31, 32, 33, 341 Comparison between these studies is often difficult if not im-
possible due differences in surgical techniques, age and health of the patients at the 
time of operation or simply the difference in information content of the study. Several 
studies[35, 36, 29, 16] include details of the number of patients suffering prosthesis-
related thromboembolic complications but details of the location of the thrombus in 
relation to the prosthetic valve is not usually included. Such studies are more often 
concerned with patient survival rates and the reasons for and frequency of reoperation 
which, at best, allow us to conclude that some prosthetic heart valve designs promote 
clotting more than others, but does not allow us to determine why. 
1.3.1 Hydrodynamic and durability testing of valves 
The materials from which mechanical heart valves are constructed are believed to be 
biocompatible, however, one of the main problems associated with mechanical heart 
valves is thrombosis. Thromboembolic complications associated with mechanical heart 
valves are thought to be dependent on the blood flow characteristic through cardiac 
valves[131, a result of valve design rather than the materials of construction- Hy-
drodynamic and durability testing of prosthetic heart valves attempt to estimate the 
performance of valves in vitro. 
Fatigue tests are used to indicate the durability of flexible leaflet valves in response to 
cyclic loading on an accelerated time scale. Valves are oscillated through a stationary 
column of water to simulate the opening and closing cycle of the valve. Typically the 
highest frequency at which the valve still opens and closes fully is used. Modification 
of this testing method, by the addition of calcium ions to the fluid through which the 
valve moves, allows a dynamic in vitro investigation of valve calcification [23]. 
The design related function and performance of artificial heart valves is determined 
in vitro by hydrodynamic testing. Typically, the pressure drop, the regurgitant vol- 
ume and the energy losses associated with forward and reverse flow are measured for 
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each valve design during pulsatile flow in either the aortic[38] or mitral positions[39]. 
Studies which investigate several valves allow comparison between the hydrodynamic 
performance of various designs, however, comparison between studies is difficult due 
to differences in the testing rigs used. In such tests the orientation of some valves has 
been found to affect the regurgitant volume and the pressure drop[39]. The variations 
in regurgitant volume due to valve orientation were similar in size to the differences 
measured between individual valves. The geometry of the test chamber also affects the 
velocity and shear stress distributions downstream of valves[40]. 
Valve designs which have high associated pressure drops, regurgitant volumes and en-
ergy losses will increase the strain put on the heart and poor flow characteristics through 
the valve may increase the damage to blood elements. Hydrodynamic testing allows an 
estimation of the influence of valve design upon these factors but it does not necessarily 
indicated the propensity of a valve to clot. 
1.3.2 Thrombogenicity testing 
Currently the only regulatory method of testing the thrombogenicity of artificial heart 
valves is by implantation in animals 7 . Animal testing is costly, morally distasteful 
and a limited indicator of valve thrombogenicity in humans as no animal model has 
been found to match human physiology exactly. The levels of blood clotting factors 
vary from species to species and even from subject to subject for animals of the same 
species, affecting experimental reproducibility. 
Jolles[44] observed similarities between the enzymic clotting of milk and the coagulation 
of blood. Subsequent research within this laboratory, by Lewis[45], Christy[2] and 
Macleod[46, 47, 48], has shown that flowing milk with the addition of Calcium Chloride 
solution and a coagulating enzyme (in the form of calf rennet) can be used as an 
analogue for blood in the assessment of flow-related thrombogenicity of mechanical 
7 Typically the animals used in thrombogenicity tests are cows, pigs, dogs and sheep[41, 42, 43] 




Continuous, non-invasive measurement of milk deposition around bodies of revolu-
tion was effected by an ultrasound imaging technique developed by Marosek[3] and 
Christy[49]. Due to limitations of the ultrasound equipment Marosek was able to study 
deposition on the test chamber wall adjacent to the test body but not on the test body 
itself. 
1.4 Project objectives 
The aims of this study were to investigate deposition around test objects of a more 
complex geometry than those previously observed using ultrasound[3] whilst overcom-
ing some of the problems previously encountered when using an ultrasonic imaging 
technique. 
This thesis contains a review of the mechanisms of blood coagulation and the exper-
imental studies performed to determine the causes of flow-related thrombosis using 
blood and a coagulable blood analogue. Recommissioning of the experimental equip-
ment, redesign of the deaeration system used by Marosek and selection and testing of 
a new rennet are described. An investigation of milk clot deposition around mechan-
ical heart valves and models, conducted using the ultrasound equipment utilized by 
Marosek and a new test chamber design, is presented. 
Chapter 2 
Blood 
Blood is a carrier system used to transport gases, hormones, substances used in the 
body's immune system and materials used for synthesis and the provision of energy 
around the body. Blood also has a self-regulating clotting mechanism to prevent and 
repair vessel rupture, termed haemostasis. However, when unwanted clotting occurs in 
the blood this phenomenon is referred to as thrombosis. 
Unfortunately artificial heart valves promote thrombosis which can lead to valve ob-
struction and embolism. Several studies have been conducted (reviewed in the following 
chapter) to determine the biomaterial related and flow-related causes of prosthesis in-
duced thrombosis. 
2.1 Biochemistry of Blood 
2.1.1 Composition of Blood 
Blood is composed of a suspension of cells and some liquid elements (chylomicrons) in 
an aqueous solution known as plasma. Plasma contains low concentrations of various 
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proteins (e.g. serum albumin, lipoproteins, glycoproteins and fibrinogen) and inorganic 
constituents (e.g. Sodium, Potassium and Calcium ions). The total protein concen-
tration is about 7 per cent by weight [50]. Chylomicrons, liquid droplets of diameter 
0.2-0.5gm, are concerned with the fat transportation mechanism of the circulation and 
are present in very low concentrations. 
The main constituents of the suspended components are the formed elements or blood 
cells which make up a volume concentration of 46% in blood. Erythrocytes (red blood 
cells) have a volume concentration of 45% in blood and the remaining 1% is made 
up of leukocytes (white blood cells) and platelets. The function of red blood cells is 
to transport oxygen around the body. There are several types of white blood cells, 
namely: granulocytes (neutrophils, eosinophils and basophils), lymphocytes and mono-
cytes. Part of the body's defence against infection, white blood cells are capable of 
phagocytosis, engulfment of foreign material, and forming antibodies. Platelets are in-
volved in the coagulation process of blood from the plugging of breaches in small blood 
vessels to the release of coagulation factors required at various stages of the coagulation 
cascade. 
2.1.2 Haemostasis and Thrombosis 
When a blood vessel is injured the process which arrests the bleeding is known as 
haemostasis. In haemostasis the first step after constriction of the injured vessel is the 
activation of platelets. The four functions of activated platelets are: adhesion, aggre-
gation, contraction (platelet shape change) and secretion. Firstly, platelets adhere to 
the site of injury in a monolayer and then additional platelets, convected by the blood 
flow, adhere to this base layer and eventually to each other forming a mass aggregate. 
Secretion of various proteins and small molecules from the platelets' intracellular gran-
ules accelerate platelet aggregation, initiate plasma coagulation and begin the process 
of tissue repair. Platelet aggregation can be induced by several components (serotonin, 
ADP, adrenalin, platelet activating factor, arachidonic acid, collagen and thrombin) 
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and for minor injuries a platelet plug may be sufficient to stop bleeding. 
Plasma coagulation follows a complex cascade of activation of various proteins by pro-
teolytic action (see figure 2.2) which results in the formation of an insoluble fibrin 
network which reinforces the friable platelet plug. Blood elements such as red blood 
cells, platelets and granulocytes become trapped in the fibrin mesh. Platelets are also 
responsible for subsequent contraction of the clot[51],[52]. To allow full recovery of the 
injured tissue, removal of the redundant clot is essential. The breakdown of the fibrin 
mesh occurs by a process known as fibrinolysis. 
Complete coagulation of the circulatory system is prevented and the balance of haemo-
stasis is maintained by the following mechanisms: 
. Dilution of activated factors in the blood flow. 
. Feed-back mechanisms by which activating enzymes can also degrade substrates. 
• Naturally-occurring plasma proteins which inhibit various proteolytic enzymes. 
Normal endothelial cells which tile the inner walls of blood vessels also inhibit blood 
coagulation in their resting state. These cells are negatively charged and repel adhe-
sion of negatively charged platelets. They also synthesize prostaglandin 12,  a powerful 
inhibitor of platelet aggregation, and two cofactors (thrombomodulin and heparan sul-
phate) that inhibit the action of thrombin which catalyzes the conversion of fibrinogen 
into fibrin. Only when a blood vessel is injured and the thrombogenic subendothe-
hal components are brought into contact with blood can the normal blood clotting 
mechanism be initiated. 
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The Coagulation Cascade: Initiation and Regulation 
One of the first proposals that the coagulation of blood followed a sequence of plasma 
protein interactions was published in 1962[53]. This proposal was developed further in 
1964 by Davie and Ratnoff[54] and MacFarlane[55] who termed it a waterfall sequence 
and enzyme cascade respectively. These proposed pathways included the resultant 
formation of fibrin. Since then a better understanding of the factors involved in the 
coagulation of blood has been developed, due to improved isolation and characterisation 
techniques, which has led to the current model of the coagulation cascade. 
Figure 2.2 shows the sequence of protein activation which leads to the formation of 
fibrin. The two paths, which converge in their final stages prior to the formation of fib-
rin, are termed the intrinsic and extrinsic pathways. Currently the extrinsic pathway 
is believed to be the primary initiator of blood clotting resulting from vascular injury 
with the intrinsic pathway associated with maintenance of the fibrin clot and clotting 
resulting from contact with foreign surfaces and inflammation [56, 57, 5]. Each of the 
proteins involved in the cascade were allocated a Roman numeral by the International 
Committee on Haemostasis and Thrombosis in order to standardise nomenclature [581. 
The factors were numbered in order of discovery rather than by their position of acti-
vation in the cascade. These factors, together with some of their synonyms, molecular 
weights and concentration in the plasma, are listed in Table 2.1. 
Originally it was believed that all of the proteins involved in the coagulation cascade 
were zymogens which were converted to enzymes on activation. However, it is now 
known that Factor III, V and VIII function as cofactors, binding in 1:1 stoichiomet-
nc complexes with their respective enzymes to induce biological activity (figure 2.3). 
Factor III, more commonly known as tissue factor (TF), is stored on the surface of 
cells not normally in contact with the blood, such as cells in the subendothelium and 
adventitia (Figure 2.1). Upon vessel injury the exposed TF complexes with plasma 
factor VII (Vila) and rapidly initiates the extrinsic pathway in the coagulation cas- 
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Figure 2.1: Cross-section of a blood vessel showing the inner (intima), middle (media) 
and outer (adventitia) layers. 
cade. Factor VII is a single chain glycoprotein manufactured by the liver. It can be 
activated (converted from a one-chain zymogen to a two-chain enzyme) by TF in the 
presence of Ca 2+  or by thrombin (factor ha) or factor Xa in the presence of Ca 2+  and 
phospholipids[55, 59]. 
The TF-VIIa complex catalyzes the proteolytic activation of factors IX and X. Factor 
IXa can also go on to activate factor X via the intrinsic pathway by means of a biological 
complex between factors IXa, Villa, Ca 2+  and phospholipid (see figure 2.3). When 
coagulation follows the intrinsic path it reaches this point by the following method. 
Small amounts of factor XIIa are generated due to the adsorption of factor XII onto a 
negatively charged surface such as collagen exposed as the result of injury. Factor XIIa 
converts prekallikrein into kallikrein which further catalyzes the activation of factor XII. 
This, in turn, activates factor XI to factor XIa responsible for the intrinsic activation 
of factor IX. Once activated by factor IXa from either path, factor Xa then goes on to 
convert prothrombin (factor II) to thrombin via a complex formed from prothrombin, 
factors Xa and Va, Ca 2+  and phospholipid. This step is the point of convergence of 
the intrinsic and the extrinsic pathways. 
Thrombin converts fibrinogen to fibrin monomers by splitting off two pairs of fibrinopep- 
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I Fibrinogen 340000 200-400 
II Prothrombin 72000 10 
III Tissue thromboplastin, tissue fac- 
tor (TF) 
45000 0 
IV Calcium ion 40 0 
V Proaccelerin, labile factor 330000 1 
VII Serum prothrombin conversion ac- 
celerator (SPCA), stable factor 
48000 0.05 
VIII Antihemophilic factor (AHF) 330000 0.01 
vWf von Willebrand factor (250000)n 1 
IX Christmas factor 57000 0.3 
X Stuart-Prower factor 59000 1 
XI Plasma thromboplastin antecedent 160000 0.5 
XII Hageman factor 80000 3 
XIII Fibrin stabilizing factor (FSF) 320000 1-2 
Prekallikrein Fletcher factor 85000 5 
HMW kininogen Fitzgerald, 	Flaujeac, 	or Williams 120000 6 
factor; contact activation cofactor 
Table 2.1: The coagulation factors and some of their properties[5]. 
tides (small, highly negatively charged peptides which prevent molecular aggregation). 
These monomers are then free to polymerise, forming weak fibrin strands. Factor XIII 
(also activated by thrombin) and Ca 2+ form covalent crosslinks in the polymer giving 
it strength; 
When the haemostatic plug is no longer necessary its dissolution is carried out by a 
process known as fibrinolysis. Fibrinogen and fibrin both bind the plasma zymogen, 
plasminogen. Plasminogen can be easily converted to plasmin, an enzyme which cuts 
up the covalently linked fibrin polymers. The products from this process further inhibit 
the polymerisation of fibrin and monocytes and macrophages ingest the fibrin debris 
and secrete proteases. Any fibrin escaping the clot clean-up process is removed via the 
liver and spleen. 
When haemostasis is functioning normally various protease inhibitors regulate the co- 
agulation cascade and prevent the extremes of massive coagulation or hemorrhage. For 
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Figure 2.2: Schematic representation of the coagulation cascade showing the intrinsic 
and extrinsic pathways of the coagulation cascade both lead to the activation of factor 
X[56]. The addition of the letter "a" indicates activation of a factor. 
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Figure 2.3: Schematic representation of the coagulation cascade showing the activa-
tion of the intrinsic pathway by contact with a foreign surface and the three enzyme-
membrane complexes which are formed[5]. To avoid complexity the role of calcium ions 
has been excluded. HMWK-high molecular weight kininogen, KAL-kallikrein, PREK-
prekallikrein, TF-tissue factor. 
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example the plasma protease inhibitor, tissue-factor-pathway-inhibitor (TFPI), blocks 
the formation of fibrin via the extrinsic pathway by forming an inactive complex with 
the Xase complex (TF-VIIa-Xa)[60, 61, 62, 63]. Thrombin can also be responsible for 
the activation of plasma anticoagulants. Protein C is activated by a thrombomodulin-
thrombin complex on the membranes of endothelial cells. Whilst anchored by the 
membrane bound protein S, activated protein C deactivates factors Va and Villa to 
their inactive states by limited proteolysis. 
Disorders and dysfunction of the coagulation cascade 
Blood disorders can be either acquired or inherited. The most common hereditary 
bleeding disorders are haemophilias A and B and von Willebrand's disease (vWD). 
Deficiency in vitamin K decreases the rate of synthesis of the vitamin K dependent 
factors (II, VII, IX and X) which reduces the efficacy of these clotting factors[64], this 
is an example of an "acquired disorder". 
The symptoms of individuals lacking particular clotting factors have helped researchers 
determine the function of the missing factor. Hence, many bleeding disorders have 
actually resulted in a better understanding of the coagulation cascade. 
For example, Haemophilia A results from an inherited deficiency of factor VIII and is 
responsible for 80 to 85% of the cases of haemophilia[5]. The severity of symptoms 
ranges from serious internal and external haemorrhages to mild bleeding, being pro-
portional to the level of factor VIII procoagulant protein which varies from family to 
family. Haemophilia B, also known as Christmas disease, is caused by a hereditary 
deficiency in factor IX activity. The symptoms are very similar to that of haemophilia 
A and the severity is related to the reduction in factor IX activity. Factor Villa is the 
cofactor of IXa in the activation of factor X and so it is not surprising that the two 
types of haemophilia have similar symptoms. 
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People with a deficiency in factor VII, required to form the Vu-Tissue factor catalytic 
complex resulting in proteolytic activation of X and IX, are predisposed to severe, 
potentially life threatening haemorrhage after trauma. 
The importance of factor III or tissue factor was noted by Lee and White in 1913[51]. 
In their development of a coagulation test for blood they observed that the clotting 
time of blood was greatly reduced by contact with "tissue juice", now termed tissue 
factor. The brain, lungs and placenta have high tissue factor concentrations which are 
thought to be responsible for the low incidence of uncontrollable haemorrhage suffered 
by haemophiliacs in these tissues[5]. 
Not all blood disorders lead to bleeding and haemorrhage. Individuals with inherited 
deficiencies in the coagulation inhibitors antithrombin III, protein C and protein S tend 
to develop venous thrombosis[64]. 
Thrombosis is dysfunction of haemostasis; put simply, it is haemostasis in the wrong 
place. Its formation may be promoted by a variety of causes, for example at sites of 
atherosclerosis' or stagnant flow areas in veins. It results in blockage of blood vessels 
or embolisms. The causes and effects of thrombosis are discussed in more detail in the 
next section. 
2.2 Dynamics of Thrombus Formation 
Hladovec[651 states that a thrombus differs from a coagulum because the organized 
structure of the former is "formed from a large volume of circulating blood": the latter 
is the result of practically stationary blood and occupies, before retraction, the same 
volume as the blood volume from which it was formed. 
is a very common form of hardening of the arteries resulting from the deposition of 
cholesterol and lipids onto the linings of medium and large arteries. Rupture of atherosclerotic plaque 
exposes thrombogenic materials which lie beneath the endothelial cells. 
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In the body, thrombosis can occur naturally or as the unwanted byproduct of an ar-
tificial, implanted or extra-corporeal device. Obstructive prosthesis thrombosis and 
embolism are two of the main problems which have been associated with artificial 
heart valves since their inception[16, 66]. To reduce the thrombogenicity of heart valve 
prostheses, a better understanding of the causes and development of thrombosis is 
required. 
2.2.1 Causes and effects of thrombosis 
Virchow's triad[67] states that thrombosis may be caused by changes in: blood coagula-
bility, the vessel wall and blood flow. Naturally this can correspond to hypercoagulation 
resulting from reduced fibrinolytic activity in cancer patients, damage to the vessel wall 
due to rupture of atherosclerotic plaque or sluggish blood flow in the veins due to bed 
confinement. 
Arterial and venous thrombi have distinctly different structures and occur in differ-
ent flow situations. Arterial thrombi consist mainly of platelets and coagulated fibrin 
forming at sites of vessel injury or turbulence, such as stenotic heart valves, branches in 
blood vessels or areas of atherosclerotic plaque. A thrombus may grow large enough to 
occlude an artery completely, leading to infarction and ischemic necrosis (tissue death). 
Often, all or part of the thrombus breaks off (embolism) and is carried by the blood flow 
away from the site of its initiation until it becomes lodged elsewhere in the circulation 
and obstructs blood flow. Venous thrombi form in regions of stasis or sluggish flow 
in the venous circulation e.g. deep vein thrombosis. The structure of venous thrombi 
is similar to that of blood clots, containing more erythrocytes than arterial thrombi. 
Emboli in the venous system can become lodged in the circulation of the lungs, this is 
termed a pulmonary embolism and can result in death within minutes. 
The implantation of foreign devices, such as artificial heart valves, in the body can 
also affect all of the factors in Virchow's triad and a new understanding of how the 
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use of such prostheses affects thrombosis must be developed. After implantation of a 
prosthetic heart valve it has been postulated that the blood may be in a hypercoagulable 
state[45]. This state can be due to damage to vessel walls as a result of the surgery, 
blood contact with a foreign surface and the altered flow patterns and damage to blood 
elements caused by the valve design. 
Along with thrombosis, pannus2 is a complication associated with heart valve prosthe-
ses which may impede valve function. The obstruction of mechanical heart valves is 
most often caused by thrombus, with or without pannus, and infrequently by pan-
nus alone[36].  The development of pannus has been found to increase with time 
since implant whereas acute thrombosis can occur significantly earlier than pannus 
formation[35]. Valve designs which maximize and centralize flow area e.g. biopros-
theses and bileaflet mechanical valves appear to reduce thrombosis[9]. Generally, the 
durability of mechanical valves is superior to that of bioprostheses however in the case 
of the latter the need for anticoagulation is not as great. Although necessary, antico-
agulation is not an ideal solution to the problem of prosthesis thrombosis: whilst the 
comparative risk of embolism was similar after 12 years for patients with Bjork-Shiley 
spherical tilting-disk prostheses and porcine bioprostheses (8.8% and 9.0% respectively), 
for patients with Bjork-Shiley prostheses the risk of anticoagulation associated bleeding 
was 18.6% after 12 years compared to 7.1% for patients with porcine bioprostheses[29]. 
Decreasing the inherent thrombogenicity of artificial heart valves, and thus the need 
for anticoagulation, is desirable. 
There are a variety of in vitro, ex vivo and in vivo tests to determine the biocompat-
ibility and thrombogenicity of biomaterials. In vitro testing of biomaterials usually 
involves measuring the response of blood or cells brought into contact with the artifi-
cial surfaces in wells or tubes lined with, or containing, samples of the test material. 
Changes in blood coagulation time, haemolysis, cell death and adhesion levels may all 
be used as indicators of the degree of biocompatibility of a material. While these tests 
2 Pannus is the formation of excessive scar tissue. 
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are usually relatively quick, easy and cost effective to perform they cannot be used as 
sole indicators of biocompatibility because, unlike living organisms, blood in these tests 
is static and also the response to a material can be affected by the origin of the cells 
used[69]. Ex vivo shunts allow thrombogenicity testing of one or more biomaterials in 
an external flow loop connected to the circulation of living animals[70]. Finally, in vivo 
thrombogenicity testing involves the surgical insertion of a material sample, often in the 
form of "buttons", "flags" or vena cava rings, into the heart chambers or major veins or 
arteries of animal subjects. For example, Gott[71, 72] classified and evaluated in vivo 
many potential antithrombogenic surfaces in the early 1970s as part of the Artificial 
Heart Program. Gott favoured vena cava rings as he believed the results produced 
were more reproducible than with other test devices. He tested various materials (e.g. 
heparinized surfaces, polyurethanes and pyrolytic carbons) fabricated into thin-walled 
rings placed in the canine inferior vena cava for two hours and subsequently for promis-
ing materials for two week tests. To increase the "severity" of the test he promoted 
turbulence within the ring by introducing a small, square-edged step into the middle 
of the ring, illustrated in figure 2.8c. Yang[73] has developed a method for testing the 
haemocompatibility of several materials, used in artificial heart valves, simultaneously: 
four samples, fixed to buttons, are implanted in the superior and inferior venae cavae 
of sheep. 
Artificial heart valves constructed from relatively thromboresistant materials  still 
cause thromboembolic complications. This is because the thrombogenicity of prosthetic 
valves is related to the material and the valve design[74]. However, while many tests 
have been developed to determine the thromboresistance of biomaterials few studies 
of the flow-related causes of thrombosis have been conducted distinct from the effects 
of biomaterials. In vitro testing of valve prostheses consists mainly of hydrodynamic 
testing of valves in mock circulatory loops[75, 27, 26, 76] or calcification and fatigue 
failure tests[77, 27]. Hydrodynamic valve assessment measures the mean pressure drop 
3 A material which remains thrombus free and does not promote thromboembolism during various 
of the in vitro, ex vivo and in vivo tests would be termed thromboresistant 
CHAPTER 2. BLOOD 	 25 
across the valve during forward flow, energy losses associated with forward and reverse 
flow through the valve and regurgitant volume. Various blood analogue fluids are used 
in these mock circulatory loops (water, saline, glycerol or polymer solutions), making 
comparison between different studies difficult[76, 75]. Calcification and accelerated fa-
tigue life testing are used to predict sites of wear and calcification which can lead to 
the stenosis of flexible leaflet-valves. To date, implantation in animals[43, 41, 421 with 
its associated problems (see Section 2.2.3) is the most common means of determining 
the thrombogenicity of heart valves. Such tests make it difficult to separate the de-
sign and material related causes of thrombosis. Thus correlation between the design 
related flow-patterns and the resulting thrombus formation is limited and valve design 
improvement is impeded. 
2.2.2 Study of flow-related thrombosis 
Petschek[78, 79] performed stagnation point flow experiments to investigate the effect 
of flow conditions on thrombus formation when blood first contacts a foreign surface. 
Figure 2.4 shows the flow chamber used for the experiments. In the one pass system 
blood was allowed to flow from a canine artery and impinge upon a flat, polyurethane 
coated, glass plate without prior contact with other foreign surfaces. Adhesion of 
platelets and formation of thrombus was observed continuously and non-invasively us-
ing dark-field reflected light microscopy. The sequence of events which lead to possible 
thrombus formation can be seen in figure 2.5. Initially a layer of protein was adsorbed 
onto the surface, followed by the formation of a platelet monolayer. Platelet deposition 
occurred rapidly after the first minute[79]. Then, if the flow parameter was low (cor-
responding to low velocity) a white cell circle built up, followed by either a symmetric 
thrombus or platelet depletion. At very low flow parameters, large aggregates formed 
symmetrically around the stagnation point within the white cell circle. For high flow 
parameters (corresponding to higher velocities) there was no further development after 
the platelet monolayer although in a few cases wedge shaped thrombi were found to 
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Figure 2.4: Schematic diagram of the flow chamber used by Petschek[79, 78]. 
build up in the wake of microscopic, local imperfections. For thrombogenic materials 
symmetric thrombi formed around the stagnation point at higher flow parameters than 
for polyurethane. In the original study[79] the initial deposition of the platelet mono-
layer was the same for both glass and polyurethane-coated slides. After the formation 
of the platelet monolayer, aggregation was observed on glass (after 6-10 minutes) and in 
some cases on polyurethane, fibers (possibly fibrin) were also observed on glass. How-
ever, the subsequent formation of thrombus was delayed on the polyurethane-coated 
slides compared with the glass slides, which Petschek attributed to the lower throm-
bogenicity of polyurethane. Petschek proposed the diffusion of platelets to the surface 
was dependent on red cell tumbling[80] and that the radius of the white cell circle was 
shear limited (5.5s')[78]. 
Gardner[81] investigated the fluid mechanics and time-dependent parameters of throm- 
bus formation in a Chandler rotating loop system (see figure 2.6). A full description 
CHAPTER 2. BLOOD 
	
27 
Protein layer - 0.5 - 1 mm 
Formation of platelet monolayer 
Low flow parameter 
	
High flow parameter 
White cell circle 
shear limited 
Symmetric 	Platelet 
thrombi depletion  
No further development 
for up to 3 hours 
or 
Thrombus formation and 
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Figure 2.5: Order of deposition of canine blood elements onto a foreign surface observed 
by Petschek[781. 
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of this in vitro thrombus formation technique (first invented by Chandler[82]) can be 
found in reference [81]: in short, artificial thrombi can be generated by placing fresh 
blood, in contact with air, in a rotating loop. In the first 60 to 90 seconds platelets 
agglomerate into 30 micron sized aggregates which then collect at the forward menis-
cus, this has been termed the "snowstorm phenomenon" [83]. After this, fibrin strands 
appear in the flow and are also swept towards the forward meniscus where they form 
the mesh structure of the thrombus. Gardner found that the characteristic thrombus 
formation time (CTFT) decreased with increasing time after veni-puncture, decreased 
as the blood storage temperature decreased and increased as the rate of shear increased. 
He proposed shear may play a role in the clotting process and that since shear affects 
the orientation of molecules such as the dumbbell-shaped fibrinogen molecule it could 
affect clotting kinetics. Gardner noted that thrombus formed at the forward meniscus 
and, in the case of low rotational speed, in the boundary layer next to the wall of the 
upper portion of the loop i.e. regions of stasis. 
Another in vitro model for the synthesis of artificial thrombus, formed from circulating 
human or rat whole blood or plasma, was developed by Hiadovec et al[65]. The experi-
mental set-up can be seen in figure 2.7. Similar to the observations of Petschek[79], there 
were three distinct phases of thrombus formation observed. The first corresponded to 
no visual changes or pressure increase but the deposition of a protein layer or platelet 
monolayer was suggested. In the second phase the pressure increased gradually and vis-
ible flocculation occurred. This flocculation was less noticeable in platelet poor plasma 
than it was in platelet rich plasma and whole blood experiments which suggests that 
it corresponded to platelet aggregation. In the case of platelet rich plasma (PRP) this 
stage resembled the "snowstorm phenomenon" [83] observed in the Chandler rotating 
loop[82] which indeed corresponds to platelet agglomeration. In the third phase the 
pressure rose rapidly at the same time as the rapid formation of a white mass un-
der the net. Regardless of whether whole blood or plasma was used the completed 
thrombus, adhering to the lower side of the net, was similar in character to a white 
thrombus. Even after completion the thrombus was semi-permeable to fluid. In PRP 
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Figure 2.6: Rotating loop system used by Gardner[81] showing the internal blood flow 
patterns. 











Figure 2.7: a)Schematic diagram of Hiadovec's net experiment and b) representation 
of thrombus attachment to net[65]. 
thick fibrin strands could be seen emanating downstream from the thrombus extending 
in the direction of flow. Contrary to the results of Gardner[81], Hladovec noted that 
the thrombus formation time decreased with increasing temperature (room tempera-
ture rising to 37°C). For the whole blood experiments the thrombus comprised a white 
portion, adhered directly under the net, followed by a more voluminous red portion. 
This thrombus deposition pattern is similar to the platelet rich thrombi which form 
in high shear regions with a portion, in its wake, similar to the erythrocyte rich co-
agulum, which forms in regions of stasis. Hladovec proposed that the brief turbulent 
region downstream of the net promoted platelet aggregation and subsequent adhesion 
to the net. It must be noted that since Hiadovec's system was recirculating, the blood 
was presumably in a hypercoagulable state as it passed the net. However, preclotted 
blood was not sieved from the bulk fluid; deposition was always on the downstream 
side of the net. 
Gott [71, 721 found that increased turbulence within rings inserted into canine inferior 
vena cavae promoted thrombosis on otherwise apparently thromboresistant materials. 
Turbulence within the ring was encouraged by using square-edged rings as opposed to 
streamlined rings or by the introduction of a small, square-edged step into the middle 
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a) 	 b) 	 c) 
Figure 2.8: Schematic diagram of a cross-section through Gott's[71, 72] vena cava rings. 
a)Streamlined; b) square-edged and c) with internal step. 
of the ring (see figure 2.8). White thrombus formed in the region of highest shear with 
red stagnant thrombus forming in the wake behind. He also noted that square-edged 
rings promoted thrombosis more than streamlined rings (figure 2.8). Gott[72] agreed 
with Petschek's finding that small surface imperfections promote thrombus formation. 
Vorhauer[84, 85, 86] studied the effects of flow profile past prostheses on thrombus 
deposition using nine different bodies-of-revolution inserted, in turn, into the descending 
aortas of dogs. The polyurethane-coated, aluminium test bodies  were each mounted on 
a stainless steel rod attached to a thin-walled, stainless steel cylinder to which the aorta 
was secured after insertion. Figure 2.9 illustrates the various shapes of test body used 
and the two types of test body support used in separate studies. In the first study, the 
mounting shown in figure 2.9b was used to determine the amount of thrombus deposited 
on the test bodies alone. Each experiment lasted 45 minutes and the implant was 
weighed before and after the experiment. Coagulum which had formed on the stainless 
steel mount was removed before the final weighing to determine the weight of thrombus 
formed on the test body alone. Vorhauer and Tarnay[85] found that the streamlined 
shapes reduced the quantity of thrombus formed and that the shapes which caused 
maximum turbulence and had stagnation areas resulted in more clotting. A second 
study was performed to determine the effect of the test body wake on the thrombus 
adhering to the walls of the stainless steel support (shown in figure 2.9c). The variation 
in clot weight formed on the support walls downstream of the various test bodies in the 
4 Each test body had a maximum diameter of 7.6 mm. 
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second series was statistically less significant than the first series; however, there was 
a consistent variation in structure of the clot. When no test body was used the wall 
clot contained a large amount of red blood cells, similar to the clot produced through 
haemostasis. This was perhaps due to formation of clot in the boundary layer next to 
the foreign surface. Clots formed downstream of the streamlined test bodies contained 
less red blood cells than the case for no test body but the test bodies with turbulent 
wakes produced clots with the lowest red blood cell content. These results suggest that 
the erythrocyte content trapped within a clot decreases as the level of shear at a surface 
increases. In each study every test object was tested three times. Thirty-six dogs were 
used in each study and each dog was used for three experiments before sacrifice. For 
the same test body the structures of clot were found to vary from dog to dog but for 
the same subject three identical test bodies gave the same clot structure. As a result 
no direct comparison between dogs was possible. In summary, Vorhauer found that 
stagnation area increased the likelihood of thrombosis and the larger the stagnation 
area, the larger the thrombus formed in it. In agreement with Gott, Vorhauer found 
turbulence and wake disturbance increased the thrombosis potential. As observed in 
the difference between arterial and venous thrombi, the higher the shear, the lower the 
red blood cell aggregation. Vorhauer recommended that to reduce the occurrence of 
thrombus on and downstream of prostheses one should remove or minimize stasis and 
high levels of wake turbulence. 
Bluestein et al[87] recently proposed vortex shedding as a mechanism for free emboli 
formation in mechanical heart valves. They performed a numerical analysis of pul-
satile flow around, and downstream of, the leaflets of a St Jude Medical bileaflet valve 
mounted in the aortic position. A bileaflet valve was also studied in an in vitro flow 
loop using Digital Particle Imaging Velocimetry (DPIV) 5 . A complex pattern of vortex 
shedding was observed in the wake of the leaflets which was in good agreement with the 
numerical model. Bluestein proposed that platelets following pathlines along the high 
shear regions next to the leaflets could become entrained in these vortices and due to 
5 A description of the PIV technique can be found in reference [15] 
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Figure 2.9: a) Two dimensional representations of the nine bodies-of-revolution used 
by Vorhauer[84] placed in a canine aorta. b) and c) show schematic diagrams of one of 
the objects mounted on a stainless steel support for the first and second experimental 
series respectively [85]. The direction of flow is marked. 
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the combination of high shear stresses followed by the high deformational stresses they 
would encounter in the vortices the platelets would become activated. In vitro testing 
of artificial heart valves in mock circulatory loops has demonstrated peak shear stresses 
downstream of valves lower than the critical value required for haemolysis[88, 3]. It has 
been proposed that since thrombosis does occur clinically, there may be some unknown 
thrombosis mechanism involving subcritically sheared red blood cells and platelets[88]. 
Indeed, the combination of shear and deformational stresses has been shown to activate 
platelets below the threshold of activation under pure shear[89, 90, 91]. Platelets in 
Bluestein's model could thus become activated and trapped within these vortices. The 
likelihood of platelet collisions should increase as the platelets extrude pseudopodia 
leading to the formation of aggregates which could be convected downstream as free 
emboli. 
From the review of work above it is obvious that turbulence, shear and stasis are 
all important factors in prosthesis thrombosis[66, 92, 93]. Sites of poor washing on 
prosthetic valves, indicating regions of stasis, have been observed in vitro and found 
to correspond to sites of clinically observed thrombosis on valves of the same type[94}. 
Increased shear has been found to promote[85, 71, 95] and iimit[81, 96, 97, 70] thrombus 
build up. Natural occurrences of thrombi result from different flow conditions and so 
it is likely that different "types" of flow-related thrombus may form on and around 
artificial heart valves. The problem of thrombogenicity assessment is thus complex and 
may not be solved solely by comparison of hydrodynamic testing of valves with clinical 
observations. 
2.2.3 Drawbacks of current thrombogenicity assessment methods 
There are several problems associated with the current methods of thrombogenicity 
assessment of artificial heart valves. When using blood in vitro, haemostasis is lost and 
blood-air mixing greatly reduces the clotting time of blood[81]. 
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Although the most successful indicator of valve haemodynamic performance, in vivo 
testing is ethically distasteful and expensive. Another obvious limitation is the fact that 
no animal model has been found to have identical physiology to humans. Reproducibil-
ity is another problem associated with animal experiments. Gott[71] found that the 
fibrinolytic activity in the experimental animals he used was unpredictable. Yang[73] 
also found significant differences between individual animals when testing the biocom-
patibility of materials. Vorhauer[84] found that for the same test body the structures 
of clot varied from dog to dog and direct comparison between dogs was not possible. 
In vivo and ex vivo experiments require the skills of a surgeon to perform the surgical 
procedures involved and complications during implant can further affect reproducibil-
ity. The number and kind of animal experiments performed nowadays are carefully 
monitored and regulated by various ethical committees. From a moral point of view 
this is an improved situation upon the past: however, from a thrombogenicity testing 
point of view it means the propensity of a valve design to clot cannot be determined 
until very late on in the design procedure. 
The correlation between flow structures, observed in hydrodynamic valve testing or 
predicted using numerical models, and clinical reports of thrombosis include too many 
variables to allow accurate predictions of the thrombogenicity of new valve designs. An 
in vitro blood analogue with reproducible clottability would address the problems asso-
ciated with the current methods of flow-related thrombogenicity assessment of artificial 
heart valves. 
Chapter 3 
Milk - an analogue for blood 
Despite the improved biocompatibility of biomaterials, artificial heart valves are still 
prone to thrombose. Such thrombosis is a result of the heart valve design rather than 
the materials from which it is constructed. Although many studies are conducted to 
measure the pressure drops and shear stresses associated with valve design, to date the 
only method for predicting sites of thrombosis is by implantation in animal subjects. 
Such animal experiments are expensive and of limited use, due to the variance in 
clotting factor concentrations from species to species and even from individual subject 
to subject, however, they remain the only regulatory method for determining valve 
thrombogenicity. The need for a more ethical, cost effective and reproducible method 
of testing for flow-related thrombosis has long been apparent. 
Over the past few decades a similarity between the enzymic coagulation of milk and 
the final stages of blood clotting has been noted[98, 99, 44]. Lewis[45] and Christy[2] 
validated the use of rennetised milk as a suitable analogue for blood and subsequently 
used it to study the development of flow-related deposition as an alternative to animal 
experiments. 
The following chapter contains a summary of the biochemistry and coagulation mecha- 
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nism of milk and an overview of the previous work conducted using milk as an analogue 
for blood. 
3.1 Biochemistry of milk 
3.1.1 Composition of milk 
Milk is a dilute aqueous solution (87.1%w/w water for typical lowland breeds of cow) 
with a pH of about 6.7, a viscosity of 0.0013 kg/ms at 37°C[3] and a density of 1030 
kg/M3  at 20°C[6]. The main constituents of milk are: fat, lactose, protein, minerals, 
organic acids and various miscellaneous components. The fat in milk floats in the form 
of relatively large, membrane-enclosed globules (0.1-10jtm diameter). Milk minus the 
fat globules is referred to as milk plasma. Casein constitutes 80% of the milk protein 
and resides in casein micelles which are suspended in the milk serum (milk plasma 
minus casein micelles). The remainder of the protein consists for the most part of 
serum proteins which are present either in molecular form or as very small aggregates. 
Figure 3.1 gives a more detailed picture of the composition and structure of milk. 
The composition of milk varies between species, breed and individual; composition 
can even vary between milkings for an individual animal. It can be seen in table 3.1, 
however, that the variation between different modern breeds of cow is much less than 
that between different species. Other factors which can affect the composition of milk 
are physiological factors (e.g. stage of lactation, age of the cow), health of the cow 
and environmental factors (e.g. feed, climate, method of milking). Of the physiological 
factors, stage of lactation has the most marked effect on composition; however, milk 
composition should only change by a large amount if lactation is prolonged after 10 
months[6]. Environmental factors tend to have more of an effect on yield than on milk 
composition; however, feed composition can affect the milk composition to a certain 
extent. For example, a low protein diet can cause a decrease in the protein content of 
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Figure 3.1: The approximate average structure and composition in 1kg of milk[6]. 
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Animal Genus/ Dry Fat Casein Serum Carbo- "Ash" 
Species/ matter protein hydrates 
breed 
Donkey Equus asinus 10.8 1.5 1.0 1.0 6.7 0.5 
Horse Equus caballus 10.8 1.7 1.3 1.2 6.0 0.5 
Camel Carnelus dromedar- 13.4 4.5 2.7 0.9 4.5 0.8 
jus' 
Reindeer Rangifer tarandus 35 18.0 8.5 2.0 2.6 1.5 
Cow Bos taurus 12.7 3.9 2.6 0.6 4.6 0.7 
Friesian 13.3 4.4 3.4 4.6 0.75 
(Netherlands) 
"Friesian" 12.1 3.4 3.3 4•53 0.75 
(other sources') 
Brown Swiss 12.9 4.0 3.3 473 0.72 
Jersey 15.1 5.3 4.0 4•93 0.72 
Zebu Bos indicus 13.5 4.7 2.6 0.6 4.9 0.7 
Buffalo' Bubalus bubalis 17.5 7.5 3.6 0.7 4.8 0.8 
Goat Capra hircus 13.3 4.5 3.0 0.6 4.3 0.8 
Sheep Ovis art es 18.8 7.5 4.6 1.0 4.6 	- 1.0 
1 Also Camelus bactrianus and crossbreeds. 
2 Also called swamp or water buffalo, or carabao 
3 Approximate average Lactose content. 
4 e.g. Holsteins in the USA and Canada. 
Table 3.1: The approximate average composition (%w/w) of milk of various much 
animals. [6]. 
the milk. 
Milk proteins, namely casein, are of particular interest in this project due to their 
protagonistic role in the milk clotting process. Whole casein is a group of phospho-
proteins which precipitate from milk near pH4.6. Found in the micelles in milk, it 
consists mainly of a51 - , a52- , 8- and r,-caseins and -y-casein, a degradation product of 
0-casein. Due to their many exposed hydrophobic groups casein molecules readily form 
hydrophobic bonds and as a result show extensive association with themselves and each 
other to form micelles. 
Micelles are negatively charged spherical, calcium-phosphate particles which contain 
approximately 80% of the protein in milk. Varying in diameter from 40 to 300nm[6] 
(with some estimates as wide as 20 to 600 nm[100]) they exist as a stable suspension. On 
average micelles contain 10 4 casein molecules[6]. Micelles are made up of smaller units 
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- called submicelles which vary in composition containing at most 25 protein molecules 
held together by hydrophobic bonds and salt bridges[6, 101, 102]. 
Submicelles fall into two types: ic-casein rich and r.-casein poor. r.-casein is a calcium-
insensitive, phosphoglycoprotein and contains 169 amino acid residues with a molecular 
weight of 19000±1000[44]. Like a detergent, r,-casein is an amphiphile; the C-terminal 
one third portion is a hydrophilic glycopeptide and the N-terminal two thirds consist 
of hydrophobic para-k-casein. It is the only casein to contain sugars which, if present, 
are all situated in the ic-caseinoglycopeptide fraction[44]. As the submicelles form, the 
C-terminal hydrophilic end of the r,-casein sticks out from the surface like a tail. Milk 
is supersaturated with respect to a salt termed colloidal calcium phosphate (though it 
may also contain components such as K, Na and Mg) ) and small regions are bound 
to the proteins within the submicelles adding to their structural stability and lowering 
their charge[103, 6]. Weakly attracted to each other, submicelles aggregate (unless 
impeded by their "tails") to form spheres covered in r,-casein "hairs": micelles (see 
figure 3.2). The resulting micelles are voluminous and porous, containing more water 
than dry matter. 
Casein micelles are stabilized by ic-casein which prevents the precipitation of a 8-casein 
with calcium ions. And so it is r,-casein that is of primary interest in the coagulation 
process. During the first stage of coagulation, chymosin principally acts upon ic-casein 
causing destabilization of the micelles resulting in micelle precipitation and aggregation. 
Payens[102] proposed that r.-casein was not distributed evenly over the micelle surface 
and that proteolysis would lead to micelles with partially reactive surfaces: hence, not 
all micelle collisions would lead to adhesion and the subsequent gel formed would be of 
a loose, open texture (see figure 3.3). 
The solubility of 8-casein and colloidal calcium phosphate (CCP) increase with decreas-
ing temperature and cooling results in the disintegration of the micelles into smaller 
micelles, increased milk viscosity after which colloidal stability leads to poor rennetabil- 
ity in cheese making. However, these changes take place slowly i.e. storing milk for 24 
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Figure 3.2: a) Schematic cross-section through a casein submicelle[102] and b) 
schematic model of a casein micelle[6]. 




Figure 3.3: The clotting of para-,c-casein micelles with partially reactive surfaces 
demonstrating a) an unsuccessful collision; b) a successful collision and c) a loose, 
gel network[102]. 
hours at 4°C and the j3-casein will return to the micelles slowly upon heating at 30 0 [6]. 
Such problems were avoided in this project by using the milk on the day of milking. 
The milk used in this project was collected on the day of experimentation from the 
university farm. The cows are Holstein Friesians and the herd is closed. The main 
period of calving is from September to April with the bulk of the herd calving between 
September and December. Since the milk composition can affect the rheology of the clot 
formed[104] the pH of the milk and the rennet coagulation time were measured at the 
start of each experimental day, discussed in section 6.1.2. However, nowadays dairies 
demand a low variation in product composition from their supply farms and farmers 
are paid based on the fat and protein composition of the milk their herd produces. 
It is therefore in the interests of modern farmers to control and supplement the diet 
of their herd to maintain a constant milk composition. In the case of Langhill farm 
each cow is electronically tagged, which is detected when the cow enters a stall in the 
milking parlour. Thus, the volumetric milk production of an individual cow can be 
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Figure 3.4: Average monthly variation in milk fat and protein content for the Langhill 
I arm herd for the year 1999-2000, September to August. 
recorded and accordingly altered by the use of food supplements given to the cow in 
the parlour. The overall composition of milk from the herd is controlled using food 
supplements given to each cow in the parlour and the quantity affects the volumetric 
milk production of the individual cow. During the summer the cows mainly eat grass 
which is topped up by nutritional supplements. In the winter less supplements are 
required as the farmers have more control over the cows' diet which consists mainly 
of grass and whole crop silage, brewers' grains, a balancer based on the quality of 
the silage and a small amount of top-up concentrates delivered in the milking parlour. 
In terms of the experimental requirements for this project this situation is ideal as it 
should maintain reagent reproducibility. Figure 3.4 shows a typical monthly variation 
in milk fat and protein content for the Langhill herd. 
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3.1.2 The Enzymic Coagulation of milk and its similarity to blood 
clotting 
Chymosin (or rennin), found in the fourth stomach of young calves, is an enzyme 
commonly used to induce the coagulation of milk in cheesemaking. It acts upon a 
phenylalanine-methione bond between residues 105 and 106 of r.-casein to form insol-
uble para-,c-casein and soluble caseinoglycopeptides (see figure 3.9a). The release of 
the glycopeptide destroys the micelle-stabilizing properties of ic-casein and the result-
ing para-,c-casein complexes with a,-casein to form a gel[44]. There are three major 
kinetic processes in the coagulation of milk: the enzymic proteolysis of i-casein, the 
flocculation of destabilized casein micelles and the subsequent formation of a gel with 
crosslinked structure. Figure 3.5 demonstrates the state of agglomeration throughout 
the coagulation process. 
During the first stage, the enzymic process is rate determining with little or no ag-
glomeration of micelles occurring until a critical fraction of the #c-casein has undergone 
proteolysis. During this characteristic lag phase there is a drop in the milk viscosity 
which is considered to be the result of the decrease in volume fraction of the casein 
micelles as the macropeptide is removed[104, 105]. 
Once a certain fraction of the r.-casein has been cleaved the second stage corresponds 
to a rapid increase in the viscosity as flocculation and agglomeration of casein micelles 
occur. The value of this critical fraction, a, required for agglomeration to occur is 
dependent on the milk temperature and to a lesser extent on the pH[108]. For example 
60% conversion of r.-casein is necessary before flocculation will occur at 30°C[108, 1041, 
but 100% conversion is required at temperatures below 15°C[108]. 
Once the flocculation of paracasein micelles begins bonds form between the positive and 
negative sites on the micelles. Ca 2+  ions reduce the electrostatic repulsion between 
micelles by neutralizing some of the negative charges. They can form salt bridges 
between negative sites on the paracasein micelles. Marosek[3] observed that increasing 
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Figure 3.5: The change in agglomeration rate as coagulation proceeds[1]. 
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Ca 2+  ion concentration increased the rate and extent of curd deposition in a milk flow 
system. 
The coagulation time of milk can be defined as the time between the addition of rennet 
and the first increase in milk viscosity, the first signs of observable particles or the time 
taken to form a gel, in order of increasing time[108, 104, 109]. It can be represented by 
the Holter-Foltmann equation[110, 108] such that: 
tc = 	+ I 
	
(3.1) 
where t is the coagulation time, E0 is the enzyme concentration and c and I are con-
stants which depend on the pH and temperature. I is the value of the coagulation time 
when the enzyme concentration approaches infinity (i.e. so 11E 0 approaches zero), in 
this case micelle flocculation is rate limiting. c/E0 is equal to the coagulation time when 
E0 approaches zero, leading to the primary phase being the rate limiting step (see figure 
3.6). The secondary phase has been studied separately of the enzymic phase[111, 1] 
and has been found to be dependent upon pH and temperature. Coagulation time de-
creases with decreasing pH and increasing temperature[108, 112, 45]. However, enzyme 
activity is also affected by temperature and pH[113]. The enzyme activity increases 
with temperature up to a maximum temperature value (typically about 50°C for calf 
rennet) above which the activity decreases rapidly. Enzyme activity decreases with 
increasing pH, typically the activity of calf rennet halves with an increase in pH from 
pH 6.35 to 6.65. 
As the casein micelles begin to flocculate they agglomerate to form a coagulum. Figure 
3.7 shows the simple formation of a gel from a casein suspension. When a gel is 
first formed it contains only enough crosslinks to create the gel, subsequent formation 
of additional crosslinks gives the gel firmness and strength[6, 1121. Fat and bacteria 
become trapped within the crosslinked gel matrix, an important part of the cheese 
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REACTION TIME 
Figure 3.6: The influence of enzyme concentration on the rate of change of agglom-
eration{1]. The solid line indicates agglomeration state and the dashed line indicates 
conversion of ic-casein. 
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Figure 3.7: The formation of a gel matrix in milk coagula indicating the entrapment 
of fat globules and bacteria within the casein matrix[112]. 
crosslinks are formed, and release whey (approximately equivalent to milk serum) in 
a process known as syneresis. In cheese making only the solids are used and so it is 
desirable to reduce the moisture content whilst retaining as much of the fat trapped 
within the curds as possible. Agitation, by means of stirring and cutting, breaks some 
of the bonds within the gel and speeds up the process of syneresis. However, premature 
cutting of the gel before enough crosslinks have formed leads to loss of fat within the 
whey and a final product of reduced quality. Using their experience of judging curd 
firmness, cheesemakers decide what cheese cutting time will maximize product quality 
and minimize production time. 
Carlson et al[112] developed a kinetic model for the firming process during gel formation 
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based on two first order reactions which occur in series: firstly the enzymic formation of 
crosslink sites by r,-casein hydrolysis and secondly a non-enzymatic process of crosslink 
formation and the depletion of active sites. Crosslinking may occur as the result of 
diffusional encounters between chains of casein micelles within the gel; this hypothesis 
may be supported by the findings of Christy[2] and Berridge[98]. Christy observed 
that the agitation of rennetised milk at a critical stage (i.e. visible flocculation) during 
modified Lee-White tests led to the formation of a particularly dense, adherent layer 
of clot on the inside walls of the test tube. Berridge states that clot formed from 
rennetised, flowing milk will show more adhesion to the surface on which it forms than 
clot formed from static milk. If crosslink formation is indeed diffusion controlled then 
increased mixing should promote this process. Berridge[99] studied the adhesion of 
milk clots to various surfaces and found that clot deposition was minimal, if not zero, 
when the surface was very hydrophilic. The adherent clot layer observed by Christy 
did not undergo subsequent syneresis, suggesting that syneresis had already taken place 
(promoted by the agitation), resulting in a firm, dense clot. 
The rate at which gel becomes firm was studied, based on the assumption that the 
shear modulus of a gel is proportional to the number of crosslinks[112, 104]. it was 
found that the rate of gel firming increased with increasing temperature and enzyme 
concentration, see figure 3.8. Lomholt and Qvist[104] found that the rate of gel firming 
increased with increasing enzyme concentration even after 99% r'-casein proteolysis had 
occurred. From their measurements of viscosity and the degree of tc-casein proteolysis, 
a, throughout the course of the clotting reaction they have suggested that the degree 
of aggregation at a given a value is different for different enzyme concentrations. This, 
in turn, may be indicative of gels with differing structures. 
Jolles[44] compared some of the molecular aspects of the milk and blood clotting pro-
cesses and proposed that the coagulation of milk is a very similar process to the con-
version of fibrinogen to fibrin which occurs in the final stages of blood coagulation. 
Both processes involve the cleaving of a bond by a proteolytic enzyme (thrombin and 
- 8 PM 
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Figure 3.8: Influence of a) enzyme concentration; b) temperature and c) pH on the 
rate of gel firming. Amplitude is a measure of gel firmness and the initial change of 
amplitude is the point of incipient gelation[112}. 
chymosin for blood and milk respectively) resulting in soluble peptides and an insoluble 
part which aggregates to form the coagulum, see figure 3.9. 
The idea of using rennetised milk as an analogue for flow-related thrombogenicity as-
sessment was developed by Lewis[45] and Christy[2] and is discussed in more detail in 
the next section. 
3.2 Previous Work 
This section is a brief summary of the work which has been conducted using milk. 
Initially the aim of these studies was to validate the use of rennetised milk as a suitable 
analogue for blood in experiments designed to determine sites of flow-related thrombosis 
induced by artificial heart valves. The results of these experiments indicate that milk 
is indeed an adequate blood analogue, successfully predicting sites of thrombosis on 
artificial heart valve prostheses. Subsequently several studies have investigated the flow 
structures associated with coagulation sites in an attempt to clarify the relationship 
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Figure 3.9: Comparison between the clotting mechanisms of a) milk and b) blood. 
between fluid dynamics and thrombosis. 
Lewis[45] and Christy[2] investigated the similarities between milk and blood clotting 
by repeating experiments which had previously been conducted with blood[79, 78, 80, 
65, 84, 851 (discussed earlier in Section 2.2.2). The milk clots formed by Lewis were 
similar to the experimental thrombi on a microscopic and a macroscopic scale. 
Lewis repeated the blood experiments of Petschek[79, 78, 80], who studied the formation 
of thrombus resulting from a blood jet impinging on a flat surface, and Hladovec[65], 
who studied the build-up of thrombus behind a taut net. Lewis investigated the 
fluid mechanics of Petschek's flow chamber design using an air jet impinging on a flat 
surface[45, 48]. He determined experimentally the radial variation of local mass transfer 
coefficient and shear stress over the surface to see if it corresponded to the white cell 
circle observed by Petschek et al. No correspondence between the fluid mechanics and 
the clotting mechanisms proposed by Petschek were found. However, in experiments 
where a jet of rennetised cow's milk impinged upon a flat surface[47], Lewis found re-
markable similarities between the clotting of milk and blood in these situations. The 
order of deposition from the milk, like blood, started with the formation of a homo-
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platelet monolayer observed by Petschek. Then in many experiments (at low velocity), 
larger particles were deposited leading to a well defined, symmetric disc of coagulum 
around the stagnation point, like the well demarcated "white cell circle". Alternatively, 
wedge-shaped clot formed downstream of surface imperfections, again, as found in the 
final stages of Petschek's experiments. An investigation reproducing Hladovec's "net" 
experiments strengthened the case for milk as Lewis found that milk too formed clot 
on the downstream side of the net. Under similar steady flow conditions the form of 
the pressure variation with time, the external appearance of the clot and its internal 
structure, revealed by dissection, were all similar for both blood and milk. 
Lewis then went on to compare the milk deposition, from pulsatile flow, around artificial 
heart valves mounted in a rigid artificial heart chamber[45, 115], with the thrombosis 
found clinically on explanted valves of the same type. For the valves studied (one Bjork-
Shiley, 25 mm, and two Starr-Edwards valves, size 2M and 3M) the clotting patterns 
were very similar. Both Starr-Edwards valves exhibited milk clot and thrombus for-
mation within the ring and, in the case of milk, also on the outer surface of the struts. 
Lewis proposed that the lack of thrombus on the struts of valves from human patients 
was due to constant cyclic contact with the ventricular or arterial wail. Such contact 
could dislodge clot, resulting instead in emboli formation, and since the walls of the 
artificial heart chamber were rigid this would not be observed in Lewis' experiments. 
For the Bjork-Shiley valve two distinct clotting patterns were observed clinically and 
with milk. In some cases thrombus forms on the struts and a uniform deposit covers the 
valve occluder; however, there were examples where deposit formed only on the struts. 
In the standard milk experiments 1 clotting patterns similar to the first case were ob-
served but halving of the rennet and CaC12 concentrations resulted in the second mode 
of deposition. Christy[2] and Keggen et al[116] also studied the deposition around ar-
tificial heart valves using flow chambers of simpler geometry than the artificial heart, 
see figures 3.10 and 3.13 respectively. Under steady flow, at average velocities similar 
'Christy's[2] standard milk experiments were typically conducted at flowrates in the range of 1.5 to 
3 I/min with rennet and calcium chloride flowrates set at 1% of the milk flowrate. Both steady and 
pulsatile (70 bpm) flows were investigated. 
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to those found during systole, Christy tested a Bjork-Shiley valve and found similar 
deposition patterns to the first mode of clotting found by Lewis. Keggen tested three 
artificial heart valves 2 with milk and found good agreement with the sites of thrombus 
formation on explanted valves of the same type. As with Lewis and Christy, Keggen 
et al found clot associated with the struts of the Bjork-Shiley valve. Lewis proposed 
that the two clotting patterns observed on the explanted valves could correspond to 
different levels of clotting factors in the patients' blood. 
The locations of clot deposition observed by Lewis led him to propose that regions of 
turbulence and mixing in the flow would reduce the lag between initial proteolysis and 
aggregation of micelles by accelerating the diffusion controlled aggregation phase. He 
also stated that for deposition to occur, regions of stasis (at the sites of deposition) 
must follow these regions of high flow. 
Using milk in the experimental apparatus shown in figure 3.10, Christy[2, 46] repeated 
Vorhauer's study of blood flow and deposition around test objects mounted in a canine 
aorta. Christy studied the deposition of milk from steady and pulsatile flow around 
four simple bodies of revolution3 , similar to those used by Vorhauer shown in figure 
2.9 except the metal sting on which the objects were axially mounted was supported 
downstream of the test objects. To allow comparison with the results of Vorhauer, 
the flow conditions used 4 were typical of those found in the canine descending aorta. 
Vorhauer and Christy considered the weight of deposition on the test body alone whilst 
Marosek included the weight of deposition on the test body support, hence the relatively 
larger deposition masses reported by Marosek. In table 3.2 it can be seen that the 
relative weights of clot on the test objects from Christy's steady rather than pulsatile 
flow experiments better resembled the results found by Vorhauer. Christy proposed 
2 A Bjork-Shiley Monostrut valve, a porcine bioprosthesis and a CarboMedics bileaflet valve each 
with a tissue annulus diameter of 25 mm. 
3 A teardrop, cone, disc and sphere each 10 mm in diameter at their widest point. 
4 Milk flowrate was 21/mill in all experiments and a pulsatile flow frequency of 70 beats/min was 
used. The mean pipe Reynolds number and mean Re based on the projected diameter of the test object 
were 700 and 220, respectively. a was 25 where a - w = 27rf, I is the pulsatile frequency, r 
is the pipe radius and ii is the kinematic viscosity. 
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that this was due to the flexibility of the canine aorta and the large occlusion by the 
test objects in Vorhauer's experiments resulting in a flow which was largely steady with 
a superimposed oscillating component. Figure 3.11 shows the test objects after typical 
milk clotting experiments. In steady, flow smooth clot built up in the wake of the 
test bodies but little deposit was found in the wake of the test objects after pulsatile 
flow experiments (this result was later observed independently by Keggen et al[116]). 
Christy found that the minimum amount of deposition occurred downstream of the 
disc and cone during pulsatile flow, corresponding to a wake residence time of 1 second. 
Wake residence times of greater than 8 seconds, during both steady and pulsatile flow, 
corresponded to regions of greater deposition in the wake of the test objects. 
Christy observed distinctive clot features from the pulsatile flow experiments: the wakes 
of the cone and disc remained free of clot, however a thick, azimuthal band of clot was 
found to deposit preferentially on the body of the the teardrop and sphere at a site 
downstream of the widest point. In an attempt to clarify the cause of these interesting 
phenomena Christy conducted dye injection experiments using water instead of milk 
and observed trapped vortices in the wakes of some of the test objects during steady 
and pulsatile flow. Figure 3.12 shows the trapped wake vortices in steady flow and 
the movement of dye at the start of systole and diastole during pulsatile flow, table 
3.2 gives an indication of the residence times of the trapped vortices for each test 
object. In steady flow a trapped vortex was observed in the wake of each test object, 
corresponding to the sites of deposition. However, during pulsatile flow, while no vortex 
remained trapped downstream of the cone or disc for more than one flow cycle, trapped 
vortices were observed to oscillate in the wake regions and along the test body support 
for both the teardrop and the sphere. The upstream extremity of these oscillating 
vortices corresponded to the site of the thick band of clot observed in the pulsatile flow 
milk experiments. 
Christy proposed that these vortices were regions of both stasis and intense mixing 
and went on to study the effects of stasis and mixing in a series of batch experiments. 
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Figure 3.10: Schematic diagram of the milk clotting apparatus used by Christy and 
Marosek[2, 3]. 
Mass of thrombus/clot Teardrop Sphere Disc Cone 
Vorhauer 0.0301g 0.0658g 0.0831g 0.1478g 
Christy, (steady flow) 









Christy, (pulsatile flow) 









Marosek, (steady flow) 0.591g  0.420g 0.749g 
Marosek, (pulsatile flow) 0.361g  0.038g - 
Table 3.2: A comparison of the weights of deposition formed on test objects in steady 
and pulsatile flow in order of weight. The results of Vorhauer and Marosek correspond 
to the weights of thrombus on the test body and milk clot on the test body and metal 
sting, respectively, while Christy's clot weights are of the clot on the downstream side of 
the test objects. Christy's measurements of the approximate residence times of vortices 
trapped downstream of each test body are also given. 





Figure 3.11: Photographs of the ('lotted test objects used Lv Christy. The results 
from steady and pulsatile flow are displayed in the left and right hand columns, 
respectively [2] 
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Figure 3.12: Schematic diagram of the movement of dye around the teardrop, sphere, 
cone and disc shaped test objects used by Christy in a) steady flow and b) the two 
phases of pulsatile flow[46}. 
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These experiments consisted of modified Lee-White tests. Section 5.3.1 gives details of 
the procedure but to summarise: rennetised milk was inverted every 30 seconds in a 
stoppered test tube until it clotted solid; during one of the 30 second periods the test 
tube was shaken vigorously and the final clotting time and observations of the final 
clot structure were noted. The results are summarised in table 5.4. Christy compared 
the results with control experiments where the milk was not agitated and inversion was 
gentle, milk was agitated before the addition of enzyme and the effects of the air/milk 
interface were removed by displacing the air with nitrogen. For all of the experiments, 
regardless of the time of the agitation period, the first particles were observed after 
60 seconds. The final clotting time was 150 seconds except when the agitation period 
started at 120 seconds after the addition of rennet. Smooth plugs of clot were produced 
in all of the control experiments and for agitation periods beginning 0 and 30 seconds 
after the addition of rennet. Agitation at 90 and 120 seconds produced loose, spongy 
plugs of clot and agitation at 150 seconds broke up the clot which had newly formed. Of 
greatest interest was the clot produced after agitation at 60 seconds after the addition 
of rennet, the time which corresponded to observation of the first visible particles. 
The clot produced formed preferentially on the test tube walls and this very adherent 
clot did not subsequently undergo syneresis. These findings led Christy to reverse the 
previous hypothesis presented by Lewis which suggested agitation reduces the length of 
the induction phase and that agitation followed by a period of stasis promotes clotting. 
Christy observed that the induction phase is not affected by agitation and rather clot 
adhesion to a solid surface is promoted by a period of stasis (required for the induction) 
followed by a period of agitation. This hypothesis was backed further by Christy's 
observations of clot deposition on a Bjork-Shiley valve in steady flow. At high steady 
flowrates, clot depositing on the occluder of the valve was more adherent to the occluder 
surface than clot deposited at lower steady flowrates. 
To observe the course of deposition with time Marosek[3] went on to study the depo 
sition of milk coagulum around test objects, similar to those used by Christy[46, 2], 
continuously and non-invasively using ultrasound. The experimental apparatus used 
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Figure 3.13: Schematic diagram of the milk clotting apparatus used by Keggen et 
al[116]. 
by Marosek was, for the most part, the same as that used by Christy (see figure 3.10). 
The main changes to the rig involved the test chamber and the deaerator. Following 
extensive study of the materials best suited to use with ultrasound (see Chapter 4), 
Marosek chose PVC test objects supported on a Perspex sting mounted in a polypropy -
lene test chamber. The test objects and test chamber were of the same dimensions as 
those used by Christy. Bubbles in the flow cause considerable attenuation of the ultra-
sound signal, so Marosek designed a new deaerator to improve deaeration (figure 5.7). 
However, deaeration was never satisfactory as the ultrasound images and clotted test 
objects shown in figure 3.14 demonstrate. 
The results of Marosek although different in order of mass of deposit formed, did 
display the patterns of clot structure observed by Christy (see table 3.2). Continuous 
measurement of deposition on the test objects themselves was not possible due to 
limitations of the ultrasound imaging technique, but the rate of deposition from steady 
and pulsatile flow on the test chamber wall adjacent to the test object was measured 
successfully, see figure 3.15. Marosek found that in steady flow the initial clot growth 
rate was 1 mm/min which dropped to 0.1 mm/min after the first three minutes. In 
pulsatile flow the initial lag phase was longer than in steady flow and once deposition 
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began the rate was constant at 0.1 mm/mm. Periodic shedding of wall clot was also 
observed in the pulsatile flow experiments. Christy[49] suggested that clot thickness 
could be limited by shear which may prevent the formation, or lead to the destruction, 
of weak micelle bonds. This could indeed account for the order of magnitude difference 
between the initial growth rates in steady and pulsatile flow, the sudden drop in growth 
rate during steady flow after a certain wall clot thickness has been achieved, periodic 
shedding of wall clot in pulsatile flow and also Christy's observation that coagulurn 
formed under higher shear rates is denser and more adherent than clot formed under 
lower shear conditions. 
Hind[15] investigated the flow patterns around axisymmetric test bodies and heart 
valve prostheses in steady and pulsatile flows using particle imaging velocimetry (PIV). 
Comparison of the steady flow investigations with the previous clotting observations of 
Christy and Marosek supported the hypothesis that regions of stasis govern the location 
of deposition. The flow patterns around a teardrop shaped test object, observed by 
Christy and Hind[117] using PIV, were compared with the results from steady flow 
milk deposition experiments, demonstrating a close correlation between the size and 
location of the recirculation zone in the test object wake and the downstream milk clot 
which formed on the object. The rate of clot growth predicted by a simplified reaction 
model assuming that the wake resembled a continuously stirred tank gave a rate only 
marginally faster than that observed by Marosek. Hind's pulsatile flow investigation 
suggested a relationship between the position of thick, azimuthal bands of clot on the 
teardrop shaped test body and the structures developed in the stagnant part of the 
flow cycle. Material which had previously been trapped in the wake region of the test 
body and also at the test section wall was observed to impinge upon the test bodies, 
carried by these flow structures. The point of impingement corresponded to the position 
of thicker, azimuthal clot deposits observed by Christy. The maximum viscous shear 
measured by Hind downstream of the prostheses in pulsatile flow was of the order of 
0.5 N/rn2 , well below the value thought to produce erythrocyte and platelet damage. 
This does not explain the propensity of heart valve prostheses to clot. It may be that 
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Figure 3.14: Milk deposition around Marosek's disc shaped test object in steady flow. 
a) Photographs of final clot around disc; b) ultrasound images of deposition around 
test object at 5.25, 6, 7 and 9.5 minutes from the start of the experiment[3]. 






Figure 3.15: Growth rate of wall clot immediately upstream of the test body in 
Marosek's steady (S) and pulsatile (P) flow experiments[3]. 
the levels of viscous shear measured would be sufficient to induce behavioural changes 
in the endothelial cells and promote platelet adhesion to vessel linings. 
Keggen et al[116] conducted pulsatile flow milk experiments using the same disc and 
cone shaped test objects as used by Christy[46, 2] and Vorhauer. They used the results 
from the milk experiments to validate a numerical simulation of the flow past the test 
objects. As mentioned previously, clotting patterns were similar to those found by 
Christy: little deposit formed in the wake of the objects. They also observed a dip in 
the thickness of the coagulum coating the test object support which seemed to occur 
in the regions of high recirculation predicted by their model. 
All of these studies have demonstrated the importance of shear and stasis in governing 
the location and structure of milk deposits. Both of these factors are important in 
the formation of flow-related thrombosis also[84, 85, 71]. Christy's hypothesis seems to 
provide a reasonable model for the formation of flow-related milk deposition. 
Due to various self regulating mechanisms when the coagulation cascade has been 
initiated in vivo, the reaction does not run away resulting in bulk clotting. Since, given 
enough time, rennetised milk will clot indiscriminately, the previous milk experiments 
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have been designed so that the bulk of the milk will leave the system before it coagulates. 
Thus for clotting to occur there must be pockets of fluid in the flow where the residence 
time of the milk is sufficient for it to reach the point of coagulation. Such regions of 
stasis or stagnation will lead to coagulation without the presence of shear such as the 
type of clot which forms on the walls of the test chamber due to stagnation in the 
boundary layer. To a lesser extent this kind of stagnation induced coagulation can be 
observed in blood in cases of a deep vein thrombosis. It has been demonstrated by 
the research summarized above that milk at the point of clotting, when exposed to the 
high levels of shear associated with intense mixing, produces a dense, more adherent 
clot than that formed by stagnation alone. This may parallel the formation of white 
thromboses observed to form in regions of high shear in blood flow[71, 65]. However, in 
the case of milk deposition at least, before such preferential clotting may be promoted 
regions of stasis are required for the milk to reach the point of flocculation. This time 
will be determined by the critical degree of proteolysis required before flocculation will 
occur. 
3.3 Extension of the research through this present study 
The aim of this study was to build on the foundations laid by Marosek[3] and continue 
to study the deposition of milk using ultrasound. The first challenge was to overcome 
some of the difficulties encountered by Marosek regarding the deaeration of milk and 
problems in imaging surfaces oblique to the ultrasound beam. Once these problems had 
been tackled the system was used to test objects of more complex geometry than those 
used by Marosek, namely heart valves and heart valve models. The test chambers used 
were of the same simple, cylindrical geometry as those used by Christy and Marosek so 
the flow upstream of the test objects could be more easily described and understood. 
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3.3.1 Improving the deaeration 
The precise effect that air bubbles may have on the milk clotting process is uncertain. 
However, the cratered appearance of the deposition on the upstream face of the test 
object shown in figure 3.14 indicates that air bubbles adhering to surfaces can interfere 
with the deposition patterns in those regions. With regard to ultrasound, the effects of 
bubbles in the medium being imaged are somewhat clearer. The gas/liquid interfaces, 
created by air bubbles in the flow being imaged, are highly reflective to ultrasound 
and can virtually, if not completely, obscure images of the surfaces of interest[118]. 
For ultrasound to meet its full potential as an imaging tool within these deposition 
experiments it was necessary to reduce number of bubbles in the flow to a minimum. 
Marosek designed a new deaerator which, although improving the deaeration to a de-
gree, did not achieve a satisfactory level of deaeration. Using ultrasound, Marosek 
observed bubbles adhering to the upstream face of the test object and numerous bub-
bles in the flow reduced the signal intensity from the weakly reflecting milk clot. The 
attenuation of ultrasound in Marosek's system was so great that Marosek actually used 
the flow of bubbles over the clot surface to determine clot thickness (see figure 3.14). 
However, ultrasound images of the stagnant system indicated that the reflection from 
the milk clot was considerably stronger in the absence of bubbles suggesting that further 
improvement of the deaeration was a worthwhile goal. 
The first experimental step of this project was to implement a new deaerator design. 
Chapter 5 details the development and the final deaerator design which reduced the 
number of bubbles in the flow to an acceptable level. 
3.3.2 Technical difficulties inherent to ultrasound 
The intensity and direction of an ultrasound beam or its reflection is affected by the 
physical properties of the media through which it passes. The theory of ultrasound 
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is discussed in Chapter 4 but, as a general rule, the speed of sound in a material 
increases as its rigidity increases. However, the most suitable materials from which 
to construct the test objects and test chamber, in terms of structural integrity, are 
rigid plastics. The ultrasound equipment used by Marosek and myself was calibrated 
for the speed of sound in soft tissue, which is similar to that in milk curd and milk. 
As a result the ultrasound images of objects made from materials of higher speeds of 
sound appear thinner in the direction of the ultrasound beam than they actually are. 
Different materials cause differing degrees of attenuation of the ultrasound beam and 
interfaces between materials of different speeds of sound can prevent a large fraction 
of the signal from penetrating any further due to strong reflection or refraction of the 
beam. 
Marosek conducted an extensive literature and experimental study of the suitability 
of various materials for use with ultrasound before choosing the test chamber and test 
object materials. Whilst successfully imaging the build-up of milk clot on the test 
chamber wall adjacent to the test object, Marosek encountered difficulties imaging 
surfaces at an angle to the ultrasound beam and surfaces on the far side of the test 
object. 
Difficulty in imaging surfaces oblique to the ultrasound beam is a problem inherent 
to ultrasound. However, a simple set of experiments revealed that the ultrasound 
equipment could successfully image surfaces at angle similar to the opening angles of 
monoleaflet artificial heart valves. Details of these experiments and a summary of 
Marosek's results can be found in Chapter 4. 
3.3.3 The new test chamber and test objects chosen for this investi-
gation 
A further qualitative study of the test chamber materials most suitable for use with 
ultrasound was conducted. Chapter 4 outlines the development of two new test cham- 
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bers used to test a progression of test objects of increasing complexity in steady and 
pulsatile flow. The first heart valve model consisted of a large disc (of diameter just 
smaller than that of the test chamber) mounted directly into the test chamber and 
fixed at an angle similar to the opening angle of monoleaflet, artificial heart valves. 
The second model was a smaller disc, fixed at the same angle as the large disc and 
mounted in a housing ring. Two monoleaflet artificial heart valves were studied: an 
Edinburgh valve[119] and a Bjork-Shiley valve. Both valves were free to move in the 
flow. 
Milk clotting and dye injection experiments were conducted in steady and pulsatile 




Marosek[3] considered several possible means of studying non-invasively the deposition 
of milk throughout the course of an experiment, such as magnetic resonance imaging 
and radioactive labelling. He finally selected ultrasound as the most practical and cost 
effective choice for non-invasive imaging. Marosek conducted several static tests to 
determine the effects of ultrasound on milk and milk coagulation. He found that any 
thermal, mechanical or chemical effects induced by ultrasound were negligible and no 
observable changes in milk clotting, clot behaviour (e.g. appearance or adhesion) and 
bubble behaviour were noticed. 
An understanding of the behaviour and limitations of ultrasound is vital when selecting 
a test chamber design. The following chapter contains a brief summary of the physics 
of sound and an overview of diagnostic ultrasonic imaging techniques. Section 4.2 
describes the work conducted to develop a new test chamber and test objects suitable 
for use with the ultrasound equipment, building upon the foundations laid by Marosek. 
67 
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4.1 The Principles of Ultrasonic Imaging Techniques 
Sound is longitudinal or compression wave 1 which is initiated by vibration of the source 
of the sound and cannot travel through a vacuum. The speed of sound varies depending 
upon the properties of the medium through which it is traveling and sound waves 
passing from one medium to another may experience reflection, refraction, scattering 
and diffraction. 
The distance of a surface from a sound source can be calculated by measuring the time 
between transmission of the sound and the echo, or reflected sound, from the surface if 
the speed of sound, for the medium through which the sound was traveling, is known. 
Echo location is a widely used technique to determine the location of surfaces. Of 
interest to this study is the use of diagnostic ultrasound, a technique which uses high 
frequency sound waves to image, usually non-invasively, inside the human body. 
4.1.1 The physics of sound 
Mechanical vibrations or sound waves propagate through a medium by initially oscillat-
ing the particles neighbouring the sound source, which in turn oscillate their neighbours 
and so on. The particles themselves oscillate in the direction of propagation by only a 
small amount about their original position and do not travel with the wave. Pressure 
is commonly used to describe sound waves. Figure 4.1 shows that as the sound vibra-
tions travel through the medium there are regions in which the particles are traveling 
towards each other in both directions (compressions) and regions in which the particles 
are traveling away from each other in both directions (rarefactions). These regions 
of compression and rarefaction experience elevated and reduced pressure respectively 
and as the wave propagates through the medium so do the compressions and rarefac-
tions. The frequency (f) of a sound wave, measured in hertz, pertains to the number 
'As longitudinal waves propagate through a medium the particles in the path of the wave oscillate 
in the direction the wave is travelling. 
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Figure 4.1: Schematic diagram of the regions of compression and rarefaction along 
the wavelength, A, of a sound wave, at any one instant, in the direction of travel, z. 
Compressions and rarefactions of the medium correspond to elevations and reductions 
in acoustic pressure respectively [4]. 
of compression/rarefaction cycles at a point per second. Frequencies above the range 
audible by the human ear, 20 kHz, are called ultrasound[4]. Although used for different 
purposes, ultrasound waves behave in the same manner as audible sound waves and so 
the general physics of sound waves will be considered in the following section. 
The speed of propagation of sound (c) for a given medium is constant. However, this 
speed varies from medium to medium, depending upon the density (p) and compress-
ibility (ic) of the medium such that 
(4.1) 
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As for all waves, the relationship between the speed of propagation of the sound wave 
(c), the frequency (f) and the wavelength (.X) is 
C = f 
	
(4.2) 
The acoustic impedance (Z) of a medium is a characteristic constant related to its 
density and compressibility and hence the speed of sound in that medium (equation 
4.3) 
~Fpn 	 (4.3) 
Sound waves transport energy through a medium and the rate at which they do so is 
termed the intensity. The intensity is defined as the rate of energy (in Watts) trans-
ported through a unit area perpendicular to the direction in which sound is traveling 
at that point. The behaviour of sound is analogous to optics. Sound can be reflected, 
refracted, diffracted, scattered and absorbed resulting in a reduction in sound intensity. 
In these situations it is often desirable to compare the intensity of the reflected beam, 
for example, to another intensity value. Such ratios can often cover wide ranges on a 
linear scale and a logarithmic scale has proved to be more manageable. Equation 4.4 
demonstrates the decibel scale, a logarithmic scale which measures the intensity level 
in decibels (dB) of intensity I compared with the reference intensity I. 
Intensity Level = 10 log 10  (4i) (dB) 	 (4.4) 
Diffraction 
Diffraction of sound waves occur when the source of the sound vibrations is approxi- 
mately one wavelength in size. The sound waves diverge rapidly through the medium 
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Figure 4.2: a)Diffraction of sound waves generated by a piezoelectric crystal of diameter 
approximately equal to one wavelength; b) small diameter aperture acts as a point 
source, causing diffraction[121]. 
away from the source. Figure 4.2 shows that a similar diffraction effect occurs when 
the sound waves pass through a small aperture which acts as a point source. 
Reflection and refraction 
When sound travels from one medium to another the angle of incidence of the sound 
wave at the interface and the difference in acoustic impedance of the two media af-
fects the propagation of the wave. Figure 4.3 demonstrates the case when the interface 
between two such acoustically different media is perpendicular to the direction of prop-
agation of the sound wave. Part of the incident intensity (Ii ) continues into the second 
medium as the transmitted wave, of intensity It,  and the rest of the incident intensity 
is reflected back along the original path as specular reflection having intensity I. 
b) 
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Figure 4.3: Reflection and transmission of a sound wave arriving perpendicular to an 
interface between two acoustically different media. 
The fraction, R, of the incident intensity  which is reflected is given by 
- Z2 
 2 
R==(zz) 	 (4.5) 
where Z1 and Z2 are the acoustic impedances of medium 1 and 2 respectively. 
The relationship between R and T, the fraction of the incident intensity which is trans-
mitted3 , is given by 




2p the fraction of the incident intensity which is reflected, is termed the intensity reflection 
coefficient. 
3T, the fraction of the incident intensity which is transmitted, is termed the intensity transmission 
coefficient. 
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Figure 4.4 shows the case when the angle of incidence is oblique to the interface between 
two acoustically different media. The reflected wave travels back into the first medium 
at an angle Or that is equal and opposite to the angle of incidence O. If the speed 
of sound in the first medium is greater than that in the second medium then the 
direction of propagation of the transmitted wave bends towards the normal as the 
part of the wavefront which has entered the second medium slows relative to the part 
which is still travelling in the first medium. Likewise, if the speed of sound in the 
first medium is less than that in the second medium then the direction of propagation 
of the transmitted wave bends away from the normal. This phenomenon is termed 
refraction. The relationship between angle of refraction and the angle of incidence is 
given by Snell's Law: 




where Cl and c2 are the speeds of sound in medium 1 and medium 2 respectively. 
When the angle of incidence results in an angle of refraction larger than 900  the incident 
beam is reflected back into the first medium. This is known as total internal reflection. 
As the difference between the speeds of sound in the two media increases, the angle of 
incidence which results in total internal reflection decreases. 
Scattering 
When the interface between two media through which sound is traveling is rough, 
with imperfections of the order of magnitude of the sound wavelength, the reflection 
of sound is no longer specular. The incident sound wave is scattered and reflected in 
random directions relative to the interface (figure 4.5a). Similar scattering, in random 
directions, is observed when sound reflects off multiple discrete surfaces whose width 
is of the order of magnitude of the sound wavelength. The intensity of the sound 
















Figure 4.4: Reflection and transmission of a sound wave arriving at an oblique angle 
to an interface between two acoustically different media. 
wave beyond such scattering interfaces and surfaces is reduced relative to the incident 
intensity. 
Absorption 
As the sound wave propagates through a medium it loses energy due to various mech-
anism such as the conversion of mechanical energy into heat. This absorption results 
in a loss of sound intensity and increases with the frequency of the sound[121]. 
4.1.2 Attenuation of ultrasound 
The intensity of transmitted sound decreases or attenuates exponentially as it travels 
through media. The attenuation of sound can be the result of a combination of reflec- 
tion, refraction, scattering, absorption and beam divergence. The intensity, I, decays 











Figure 4.5: a)Scattering of sound at a surface with imperfections of the order of mag-
nitude of the sound wavelength, where Z 1 ad Z2 refer to the acoustic impedances of the 
two media; b) scattering of sound by discrete surfaces of the order of magnitude of the 
sound wavelength. 
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from the original value of the intensity, 10, in the direction of propagation, z, such that 
I = I0 exp —az 
	
(4.8) 
where a is the overall intensity coefficient to which all of the mechanisms for sound 
attenuation contribute. Or in terms of the decibel scale: 
10 log10 (I-) = —4.3az = I.Lz 	 (4.9) 
10 
where t is the logarithmic overall intensity coefficient. 
Absorption and scattering both increase with increasing frequency and in consequence, 
so does the overall attenuation of sound. Obviously this will be more of a problem 
at the higher frequencies of ultrasound. Unless care is taken to choose appropriate 
ultrasound scanning equipment for the task, attenuation of ultrasound can severely 
affect the performance of ultrasound as a diagnostic tool. The logarithmic overall 
intensity coefficient roughly varies with frequency f, measured in MHz, according to 




4.1.3 Diagnostic ultrasound 
Ultrasound frequencies in the range 1-20 MHz[4] are widely used in medicine as a diag-
nostic tool. Many people may be familiar with the concept of diagnostic ultrasound in 
the context of fetal scanning only, but the diagnostic uses of ultrasound within medicine 
are numerous, ranging from the examination and measurement of static structures of 
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various sizes, such as the eye or kidneys, to the study of moving structures, such as the 
heart, and blood velocity measurements using pulsed Doppler ultrasound'. 
Ultrasound image production 
There are three basic modes of scan: A-mode, B-mode and real-time imaging. 
A-mode scanning, the simplest form of diagnostic ultrasound, uses a single ultrasound 
beam to determine the distance between the transducer and a structure. The return-
ing echos are displayed as a trace on a cathode ray oscilloscope, see figure 4.6. The 
amplitude of the deviation represents the strength of the reflection and the time delay 
before the peak is displayed indicates the depth of the structure. 
B-mode scanning produces a static two dimensional image of the structures of interest. 
During B-mode scanning the ultrasound beam is swept through a plane. For each beam 
position the reflections from each interface are represented by dots on a CRT screen, 
their location governed by the beam direction and the return time of the echo. The 
strength of the echo is represented by variation in brightness of the dots. 
Real-time scanning generates two dimensional images rapidly and repetitively (typically 
25 frames per second) to allow study of the motion of tissue in a plane section. 
For all of the methods of scanning it is generally the case that the strength of the 
returning echos decreases with time (i.e. increasing depth of structure). This can lead 
to the impression that superficial surfaces are much stronger reflectors than structures 
further from the ultrasound probe. The application of time gain compensation (TGC) 
increases the amplification of echos with time. Usually the starting level of the TGC 
and the rate of gain are controlled by the ultrasound operator to enhance the region of 
interest. 
4 Pulsed Doppler ultrasound uses the phase shift observed between incident sound waves and echos 
known as the Doppler effect to calculate the velocity of blood flow within the body. 
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Figure 4.6: Schematic diagram of the ultrasonic interrogation of several structures (top) 
using A-mode scanning (middle) and B-mode scanning (bottom). 
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The generation of ultrasound using transducers 
Ultrasound is generated by applying a voltage to a piezoelectric crystal or crystal 
array which causes the crystals to vibrate producing ultrasound waves. Conversely the 
ultrasound echos received at a crystal face squeeze the crystals to produce a voltage. 
Typically the piezoelectric crystal or crystals are housed at the tip of a transducer (see 
figure 4.7) which is applied to the subject directly or via an acoustically transmitting 
medium such as a water bath. Each transducer operates at a fixed frequency, governed 
by the thickness of the crystal. Transducers are capable of either continuous or pulsed 
excitation of the crystals. Continuous wave transmitters require a separate receiver to 
detect the returning echos. Pulsed wave transducers are capable of both transmitting 
and receiving. Echos are received in the time interval between transmitted pulses, 
therefore, there is a region immediately adjacent to the ultrasound probe which cannot 
be imaged as signals from this region return while the probe is still transmitting. The 
transducer illustrated in figure 4.7 is designed for pulsed ultrasound operation. To 
ensure the crystals stop vibrating rapidly during pulsed operation damping is required. 
The degree of damping governs the pulse width or duration. Transducers may contain 
either a single, large crystal or a multi-element crystal array such as the one seen in 
figure 4.8. The sequential activation of groups of crystals in multi-element arrays allows 
a narrow ultrasound beam to be swept through the region of interrogation. 
Ultrasound beam shape, focusing and resolution 
The shape of an ultrasound beam changes with distance from the crystal face. Figure 
4.9 shows the simple case for a circular transducer. Initially the beam remains sym-
metrical, this region is termed the near field or Fresnel zone. Beyond the near field the 
beam starts to diverge (far field or Fraunhofer zone), reducing the average intensity of 
the ultrasound beam. Therefore, it is usually desirable to operate within the near field 
of the ultrasound beam. The length of the near field (j.) is governed by the ultra- 
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Figure 4.8: Sequential activation of crystal elements within a multi-element linear array 
transducer. After the first group of elements (1 to 5) have been activated the second 
group (2 to 6) is activated and so on, creating a beam of ultrasound which sweeps 
through a region equal in length to the array. 
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Figure 4.9: Cross-section through a continuous wave ultrasound beam generated by 
a circular transducer. After a region of constant diameter, the near field, the beam 
diverges, far field [4]. 
sound frequency (1), the transducer crystal radius (r) and the speed of propagation in 
the medium (c), such that 
r2F 	,. 
= 	
- - at ultrasound frequencies 
	 (4.11) 
The differentiation between near and far fields for a rectangular beam is less clear 
cut because divergence occurs at different distances from the crystal for the different 
dimensions of the beam (see figure 4.10). The length of the near field tends to be 
limited by the narrower crystal dimension. 
When considering the accuracy of detail in an ultrasound image, resolution in both the 
direction of the ultrasound beam and that perpendicular to the beam is considered (see 
figure 4.11). 
The axial resolution is defined as the minimum spatial separation between two reflecting 
surfaces in the direction of the ultrasound beam which produces separate reflections. 
Surfaces which are separated by a distance less than the axial resolution appear as a 
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Figure 4.10: Cross-section through a continuous wave ultrasound beam generated by a 
rectangular transducer. Divergence of the beam occurs at different distances from the 
crystal for the two dimensions of the rectangle[4]. 
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Figure 4.11: Schematic diagram indicating the axial and lateral resolutions of an ultra-
sound beam. 
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single reflection in the ultrasound image. The axial resolution depends mainly upon 
the pulse width or duration which in turn is governed by the amount of damping in the 
transducer. There is a minimum number of cycles which can be produced in a pulse so 
for higher frequencies a set number of cycles will result in a shorter pulse, and better 
axial resolution. Unfortunately ultrasound attenuation also increases with frequency 
and so there is a trade-off between improving spatial resolution and increasing depth of 
beam penetration. It is usually recommended that one should use the highest frequency 
which will give the required depth of penetration[121]. 
The lateral resolution is defined as the minimum spatial separation between two re-
flecting surfaces across the direction of the ultrasound beam which produces separate 
reflections. Surfaces separated by less than this distance will produce a single image. 
The main factor influencing lateral resolution is the beam width. A wide beam is ca-
pable of detecting two closely positioned reflecting surfaces simultaneously, producing 
a single image. As beam width decreases so does the lateral spatial resolution. The 
lateral resolution may be improved by focusing or narrowing the ultrasound beam in 
the near field. 
Similar to optics, ultrasound can be focussed using an acoustic lens or a curved reflector. 
Ultrasound may also be focussed using a curved crystal array. Multi-element arrays 
offer the option of electronic focusing and beam steering. Figure 4.12 shows how the 
systematic introduction of various time delays in the voltages applied to the crystals 
along the transducer face can be used to direct the beam and produce converging wave 
fronts. The image quality at the focal point is best, decreasing rapidly beyond the focal 
point into the far field but also decreasing with proximity to the transducer face. If 
the surface of interest is too close to the ultrasound transducer to obtain a good image 
stand offs, acoustically matched to soft tissue, can be used to increase the distance 
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Figure 4.12: Electronic focussing of an ultrasound beam and beam steering by the 
introduction of crystal excitation delays[1 21]. 
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The transceiver  selected by Marosek was a 7.5 MHz linear-array with an SATA inten-
sity of 9.6 mW/cm2 , a beam power of 462 iiW  and a generated pulse length of 0.45 
us in water. The crystal array contains 79 individual crystals which are sequentially 
activated to focus the ultrasound at a choice of two focal depths (35mm or 60 mm). 
4.1.4 Limitations of ultrasonic imaging 
The variation in the speeds of sound in the structures used in the milk test chamber is 
similar to the range found in the human body. For example, the average speed of sound 
in both soft tissue[121] and milk curd[3] is 1540 rn/s. In bone and hard plastics the speed 
of sound is much faster, 3500 rn/s and 2680 rn/s for bone and Perspex respectively [121}. 
The type of artefacts which arise from the difference in acoustic properties between 
materials is similar for both systems. Therefore, it is worth considering the problems 
encountered during diagnostic ultrasound to help redesigning the experimental system 
for improved ultrasound imaging. The choice of the ultrasound frequency, focal depth 
and angle of interrogation can all help to improve image quality. An advantage that 
imaging the in vitro experimental system has over the diagnostic imaging situation, 
which further helps to reduce artefacts, is a certain degree of choice in the materials 
used to construct the system. Materials can be selected to reduce artefacts and improve 
imaging. 
Reverberation 
Figure 4.13 demonstrates reverberation, an artefact which appears as multiple, parallel 
images of highly reflective surfaces. Reverberation is caused when the bright specular 
reflection from a highly reflective surface reflects back and forth between the surfaces of 
the ultrasound transducer and the structure. The spurious reflections produce images of 
surfaces at depths below the original surface, measured in multiples of the time/distance 
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Figure 4.13: Schematic diagram of a reverberation artefact in an ultrasound image of 
a highly reflective surface. 
between the original surface and the transducer. 
Ghost images 
Sometimes in addition to the true image a weaker ghost image appears in a displaced 
position. Ghost images may result from the refraction of the ultrasound reflection or 
from the circuitous path of a returning echo. The crystals within multi-element arrays 
are electrically insulated from one another to prevent cross-talk or cross-activation. 
However, high intensity, specular reflections can induce a certain amount of cross-
talk between the crystals resulting in ghost images perpendicular to the direction of 
the beam. Ghost images can often be spotted and ignored but may obscure a weak 
reflection from a surface of interest.. 
Calibrated value of the speed of sound 
The value for the speed of sound used by the ultrasound equipment to calculate depth is 
usually fixed for a particular scanner. False representations of the thickness of objects 
can occur if the value for the speed of sound in that medium does not match the 
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calibrated value. For example, an ultrasound scanner calibrated for the speed of sound 
in soft tissue would make bone structures appear less than half their true thickness in 
the direction of the ultrasound beam because the speed of sound in bone is more than 
twice that in soft tissue. 
Shadowing 
Structures deeper than or behind strongly reflecting or attenuating structures may be 
shadowed. The result is blank or shadowed regions in the ultrasound image. The 
interfaces between gas and soft tissue (e.g. the lungs) are highly reflective and can 
cause such a phenomenon. 
4.2 Test Chamber Development 
During his work imaging the milk system using ultrasound, Marosek[3] encountered 
problems imaging surfaces oblique to the ultrasound beam and surfaces on the far side 
of the test object. The materials that Marosek chose for use with ultrasound were 
polypropylene pipe (wall thickness 4mm) for the test section, PVC for the test objects 
and Perspex for the test object support rod. The problems he encountered are inherent 
to ultrasonic imaging. Smooth, obliquely positioned surfaces, such as the taper on 
Marosek's PVC teardrop shaped test object, reflect a large percentage of ultrasound 
beam in a direction which often does not return to the probe (see figure 4.14). The 
shadowing of the far side of the test chamber was the result of ultrasound attenuation. 
A new test chamber design was required to overcome these problems and to allow 
study of deposition around more complex test objects than those used by Marosek 
(namely heart valves and heart valve models rather than test objects with symmetry 
of revolution). Initially new designs which would allow imaging from as many different 
angles and positions around the test objects were considered. To enable the ultrasound 
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Figure 4.14: Schematic diagram demonstrating that reflections from smooth, highly 
reflective surfaces, positioned at an oblique angle to the ultrasound beam, may not 
return to the transducer. 
beam to be perpendicular to surfaces which are not parallel to the test chamber wall, 
designs which utilised angled blocks fixed to the external walls of the test chamber 
and flexible stand offs which could be applied to the test chamber walls were initially 
investigated. 
At the start of his work with ultrasound, Marosek had conducted a study to determine 
the suitability of various materials (primarily hard plastics) for use with ultrasound. 
From literature and his own experiments Marosek collated data on the acoustic prop-
erties for a range of materials. The acoustic properties for the materials he chose to 
investigate further can be seen in tables 4.1 and 4.2. After some preliminary modifi-
cations to Marosek's original polypropylene test chamber (see Section 4.2.1) it became 
apparent that further investigation of the materials which could be utilised in the fab-
rication of a test chamber for use with ultrasound was required. 








(x106 kg/m2 s) 
P.V.0 2282 -1375 3.138 
P.T.F.E. 1425 -p2170 3.092 
Perspex 2598 '-1185 3.079 
nylon 2517 -1145 2.882 
polycarbonate 2082 -P1190 2.478 
polypropylene 2303 '--898 2.068 
polyethylene (HDPE) 1950 -'-'935 1.823 
milk 1540 - 1.59 
water (20°C) 1483 998.2 1.48 
soft tissue 1540 - 1.63 
Table 4.1: Property data collated by Marosek for the materials he investigated for use 
with ultrasound with milk, water and soft tissue as reference[3]. 




(dB/cm at 5 
MHz) 
P.V.C. 1.482 10.7 11.2 
P.T.F.E. 0.925 10.3 3.9 
Perspex 1.687 10.2 10 
nylon 1.634 8.3 2.9 
polycarbonate 1.352 4.8 24.9 
polypropylene 1.495 1.7 18.2 
polyethylene 1.266 0.5 
Table 4.2: Refractivity (t2), reflectivity and absorption of ultrasound with the ma-
terials investigated by Marosek interfaced with milk[3]. The % Reflection indicates the 
percentage of the incident beam reflected when an ultrasound beam strikes the flat 
milk/solid interface at normal incidence. 
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4.2.1 Initial test chamber modifications 
Flexible stand offs 
Marosek considered using a flexible stand off to vary imaging angle, and conducted 
some preliminary tests using two balloons, one filled with ultrasound gel and the other 
filled with deaerated water. The stand offs were coupled to the external wall of the 
test chamber and the transceiver using water-soluble, ultrasound coupling gel. Marosek 
found the stand offs were awkward to handle and resulted in images of worse quality 
than with no stand off. 
It was considered that a slightly more rigid stand off than those used by Marosek might 
be easier to use. A gelatine solution (5% gelatine crystals by weight) was degassed in a 
thin walled latex condom, sealed and then allowed to set. The resulting stand off was 
firmer than a similarly degassed water stand off, but still flexible enough to yield under 
pressure. The stand offs were coupled to the surface of Marosek's original test chamber 
and the transducer using ultrasound gel. The test object (a flat PVC disc on a wooden 
support) inside could be clearly depicted but there was a haze over the images produced 
using either stand off. This haze was not observed imaging through the test chamber 
wall alone. The haze may have been a result of the acoustic mis-match between the 
stand offs and the polypropylene test chamber wall. Although more controllable than 
the water filled stand off, the ultrasound gel made handling the gelatine filled stand off 
problematic. Even when there were several centimetres of stand off material between 
the test chamber wall and the transducer the low attenuation and the flexibility of the 
stand offs allowed a range of imaging angles to be investigated. However, the acoustic 
mis-match with the test chamber wall and the difficulty ensuring the ultrasound probe 
was properly lined up with the test object meant that the use of such stand offs for 
this application was impractical. 
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Polypropylene test chamber design 
Figure 4.15 shows a simple modification made to the cylindrical, polypropylene test 
chamber used by Marosek, to allow a range of possible ultrasound beam incidence 
angles. A fiat surface was shaved along the length of the external wall of the test 
chamber to which a semi-circular polypropylene block was attached. A polypropylene 
slider was cut to match the curve of the semi-circular block on one side and the fiat 
of the transceiver face on the other. The slider was coupled to both the block and 
the transceiver face using ultrasound gel. The aim of the design was to allow the 
ultrasound beam to slide through a range of incidence angles, around the semi-circular 
block, relative to the test object inside. However, none of the angles produced even a 
faint image of the PVC test object. It was suspected that the depth of polypropylene 
(approximately 4 cm) between the transceiver and the test object was causing too much 
attenuation of the ultrasound beam to produce an image. Therefore, it was decided to 
reinvestigate the acoustic behaviour of some of the test chamber materials that Marosek 
had originally considered. 
4.2.2 Investigation of test chamber materials 
The ideal material for test chamber construction would be acoustically matched to 
milk and milk curd, reducing the attenuation and artefacts caused by reflection and 
refraction. Hard plastics offer the rigidity required in a test chamber design but are not 
well matched acoustically to milk clot. Various researchers 6 in the field of ultrasonic 
imaging suggested soft, flexible polymers, namely polyurethanes, were a better acoustic 
match for milk curd than hard plastic. However, flexible materials have the disadvan-
tage that they do not offer the same degree of structural support as hard plastic and 
may deform with the application of the slightest pressure (e.g. that required to ensure 
good coupling between the ultrasound probe and the outside wall of the test chamber). 
6Researchers at Medical Physics, Edinburgh University; DERA; Dynamic Imaging, Livingston and 
the Ultrasound Imaging Group, Strathclyde University. 






Figure 4.15: Schematic diagram of the first test chamber design involving a modification 
to Marosek's original test chamber. 
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The investigation of test chamber materials was conducted qualitatively, seeing which 
materials gave the clearest images. The three main areas of investigation were: 
. hard plastics 
• bonding of hard plastics 
• polyurethanes. 
Simple tests were conducted using the arrangement seen in figure 4.16. The material 
sample under test was held against the face of the ultrasound transceiver. Any air 
between the transceiver and sample was excluded using a layer of ultrasound gel. The 
sample and the tip of the probe were then submerged in a tank of water and ultrasound 
images of a square, polycarbonate test object (2.5 mm thick) were taken. A layer of 
rubber was placed underneath the test object to dampen strong reflections from the 
bottom of the tank. The images were compared by considering the following points: 
noticeable attenuation of the ultrasound, clarity and brightness of the test object image, 
reflection from the far side of the test object and amount of reverberation and artefacts 
contained within the image. 
Hard plastics 
The plastics investigated were polypropylene, Perspex, P.T.F.E., polycarbonate and a 
semi-rigid, potted, polyurethane compound' (see later). Blocks of various thickness 
were cut from samples of these materials and tested as indicated above. An image 
was deemed satisfactory if it was bright with clear near and far side depiction of the 
test object. The maximum material thickness through which a satisfactory image was 
achieved, a comparison of the image quality for a 10 mm thickness of each material 
TThe hard plastics were obtained from Easter Road Plastics, Easter Road, Edinburgh with the 
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Figure 4.16: Schematic diagram of the arrangement used to test the suitability of 
various materials for use with ultrasound. 
and any artefacts were noted. The results from these tests can be seen in table 4.3. 
When it was not possible to obtain samples of the appropriate thickness, multiple 
thinner blocks were sandwiched together to give the required depth. For the cases 
of polypropylene and Perspex, samples were available to allow a comparison between 
the results obtained imaging through several thinner blocks sandwiched together and a 
single block of similar thickness. This comparison allowed some differentiation between 
attenuation due to the interface and attenuation due to the material thickness. There 
was no observable difference between the solid blocks and the thinner blocks sandwiched 
together with ultrasound gel. 
Marosek found the images he obtained through Perspex were riddled with artefacts 
but this was not the case in this study. Although, the greatest reverberation was 
associated with the Perspex samples it was such that it did not obscure the image 
of the test object. The observable attenuation of ultrasound through a given block 
thickness was least for Perspex. Perspex is prone to stress fractures and it is possible 
that the sample investigated by Marosek was riddled with tiny micro-cracks which 
would increase scattering. It is also possible that the processing of a material (e.g. 
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Material Maximum Image 	clarity 	through 	10mm Artefacts 
thickness thickness 
polypropylene 12mm bright images, good far-side depiction some reverberation 
Perspex 40mm brightest images, good far-side depic- most reverberation 
tion 
P.T.F.E. 10mm weak images, poor far-side depiction no reverberation 
polycarbonate 12mm clear, well-defined image, good far- some 	reverberation, 
side depiction haze over entire im- 
age 
polyurethane 5mm (© 5mm) clear, well-defined image, no reverberation 
far side depiction of test object  
Table 4.3: Qualitative results from ultrasonic imaging through various plastics. Maxi-
mum thickness refers to the maximum material thickness through which a satisfactory 
image was obtained. 
extrusion versus casting) can affect its properties. Nevertheless, in the light of this 
study it was decided that if the reverberation did not obscure the test object image 
then low attenuation was the most important property for rigid plastic used to construct 
the test chamber as it should increase the chance of receiving weak reflections from the 
clot and the far-side of the test object. Perspex also has the advantage of being optically 
clear which allows visual observations of the system when it is running with water. 
Bonding of hard plastics 
Throughout the materials testing various test chamber designs were considered. One 
idea was to utilise angled blocks or fins on the outside of the test chamber to enable 
ultrasonic imaging of surfaces which are normally oblique to the ultrasound beam (see 
Sections 4.2.1 and 4.2.3). If such a design was implemented it would be necessary 
to attach these angled blocks somehow and the simplest solution would be to use an 
adhesive. The disadvantage of this design idea is that it would introduce yet another 
interface between the ultrasound transceiver and the test object. 
A brief study of the attenuating effects of various adhesives was conducted to determine 
whether or not this would be a serious design drawback. At the time of this investigation 
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only polypropylene samples were available and so tests were conducted by bonding two 
9mm thick, polypropylene blocks together. The adhesives investigated were: super glue, 
epoxy, Bison's hard plastics glue and silicone sealant. Two 9mm blocks sandwiched 
together with ultrasound gel and a solid 20mm polypropylene block were also tested. 
The blocks were tested as before and the images were compared qualitatively. For 
each glue tested there was a clear reflection from the interface between the two blocks 
suggesting some attenuation of the ultrasound beam, beyond the interface, would occur. 
All of the blocks gave very similar results but in order of decreasing resultant image 
quality they were: Bison's hard plastics glue, silicone sealant, ultrasound gel, super 
glue, epoxy and the 20mm solid block. It is surprising that the solid block gave the 
poorest result. However, the solid block was 2mm thicker than the other samples and 
it is possible that the poorer image quality was the result of the slightly increased 
attenuation. Another possibility is that the acoustic properties of the polypropylene 
were non-isotropic. To obtain a solid block of that depth it was necessary to image 
through the plane perpendicular to that used previously, however, the blocks were 
cut from extruded sheets and it is possible that, due to extrusion stresses within the 
material, the properties with respect to ultrasound were non-isotropic. 
After these tests were conducted Tensil 70, a Perspex adhesive noted for its optical 
clarity, was investigated. A 20mm thick Perspex block, made up of two 10 mm thick 
blocks and bonded with Tensil 70, was fabricated by QD Plastics 8 . Although the 
interface proved optically clear it was still clearly depicted by ultrasound. It was also 
noted that Perspex polish rendered the surface highly reflective to ultrasound. Imaging 
through smooth but unpolished Perspex surfaces produced better results than polished 
surfaces. 
8 QD Plastics, Broadmeadow Industrial Estate, Dumbarton. 




Polyurethanes are diblock polymers comprised of hard and soft segments. The prop-
erties of polyurethanes can be changed by varying the degree of crosslinking within 
the polymer, altering the composition of the hard-segment and increasing the aver-
age molecular weight of the soft-segment. Variation in the average molecular weight 
of the soft-segment appears to have most influence on the acoustic properties of the 
polyurethane[122]. The speed of sound and acoustic impedance for the polyurethane 
both decrease with increasing average molecular weight of the soft-segment. 
D. Townend of the Defence Evaluation and Research Agency suggested it would be 
possible to manufacture a polyurethane which is acoustically matched to the substance 
of interest (in this case milk and milk curd). Such material could be incorporated into 
the test chamber wall in the form of an acoustic window or a block with an external 
surface angled such that imaging could be perpendicular to the surface of interest. 
Commercially available polyurethanes are supplied in the form of two separate com-
ponents (a diisocyanate and either a diol or a diarnine polymer mixture) which are 
mixed together in the appropriate ratio, poured into a mould and left to cure. There 
are various polyurethane potting compounds on the market and preliminary tests were 
conducted with one such semi-rigid compound. Several problems were encountered 
when trying to produce a polyurethane sample for testing. A large amount of air 
was incorporated into the sample during mixing and pouring into the mould. Vacuum 
degassing of the polyurethane for two minutes, prior to pouring into the mould, was 
recommended by the manufacturers but bubbles of various sizes remained even after 
several minutes in a vacuum chamber. Degassing was also complicated by the fact that 
increased temperature and prolonged application of the vacuum both hastened the set-
ting process which in turn reduces the time available for bubbles to rise to the surface 
and disengage. Since the mixing of the two components was an exothermic reaction, 
care was taken to make up only small quantities of the polyurethane to avoid excess 
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heat production in the sample. Machining of the semi-rigid material into an appropri-
ate block size also proved challenging. The final sample was highly attenuating and 
imaging through a block thickness of more than a few millimetres resulted in extremely 
faint images (see table 4.3). Although this particular polyurethane did not produce 
results as promising as Perspex, the range of possible polyurethane compositions is 
vast. However, the manufacture of a degassed sample of a precise geometry may prove 
difficult for any polyurethane composition. While this study was being conducted a 
successful Perspex test chamber was developed and so spending time overcoming the 
problems with handling polyurethanes was not considered productive. 
Since the potential of polyurethanes for use with ultrasound was not thoroughly inves-
tigated, in the interests of future work, a final year undergraduate study project was 
supervised to develop a processing and handling procedure for polyurethanes. Two 
final year students  attempted to optimize the degassing procedure for a Hyperlast 
polyurethane product". Softer than the original polyurethane studied, the Hyperlast 
polyurethane allowed a longer vacuum application time before cure. The level of deaer-
ation was estimated by imaging the cured sample in a water bath with the ultrasound 
equipment. Samples which were highly reflective to ultrasound and produced strong 
internal images indicated the presence of a large number of bubbles. Samples which 
had been degassed for 30 minutes (the maximum time before curing began) were much 
less reflective to ultrasound than samples which had not been degassed at all. De-
gassing was found to improve with vacuum exposure time before the onset of curing, 
however, this varies from polyurethane to polyurethane and may require optimization 
for each polyurethane investigated. The desired sample shape was achieved most sim-
ply using a mould of the appropriate geometry obviating the need for machining of 
the soft polyurethane after curing. Some of the acoustic properties" of the samples 
produced by the students were tested at the Medical Physics Department, Edinburgh 
'Joanne Gunn and Russell Bolton. 
' °Hyperlast Ltd, Station Road, Birch Vale, High Peak SK22 1BR 
"The acoustic properties of the polyurethane samples were measured at an ultrasound frequency of 
approximately 5 MHz. 
CHAPTER 4. ULTRASOUND 	 99 
University. The average speed of sound in the samples was 1600 m/s, approaching the 
value for milk and soft tissue. The average attenuation of the samples, however, was 
unacceptably high , ranging from 32-46 dB/cm. It is unclear whether or not the high 
attenuation was simply due to the polyurethane itself or the reintroduction of bubbles 
to the sample when it was poured into the mould. Further degassing of the sample 
within the mould may have been necessary. 
This study suggested that some polyurethanes may be acoustically matched with 
milk, however, attenuation may limit the thickness of material which can be used. 
Polyurethanes may well provide an answer to the problems of using a test chamber 
which is acoustically mis-matched to milk. Unfortunately, developing the required ex-
pertise in the field of polyurethane chemistry would constitute a separate project in its 
own right. Several research groups already have considerable experience in the use of 
polyurethanes with ultrasound. In the future extensive collaboration with these groups 
may produce a test chamber which is acoustically matched to milk and milk curd. 
4.2.3 New test chamber designs 
The addition of a curved block to the outside of the polypropylene test chamber, to 
allow flexibility in imaging angle, resulted in complete attenuation of the ultrasound 
beam. Since any such design would increase the depth of material through which the 
ultrasound beam would pass it was necessary to select a material which caused minimum 
attenuation. Smooth, unpolished Perspex was found to be the least attenuating of the 
rigid plastics investigated and was used to construct a prototype test chamber (figure 
4.17). Two fiat surfaces were shaved, on opposite external walls, along the length of a 
flanged section of Perspex pipe. A right-angled, triangular block was attached to one of 
the flats using Perspex cement. The other fiat surface was left smooth but unpolished 
to allow comparison between imaging with and without the angled block. A PVC 
test object, a disc of diameter just less than the pipe internal diameter, was fixed in 
place using mounting pins screwed directly through the pipe section walls. The disc 
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Figure 4.17: Schematic diagram of a prototype test chamber constructed from Perspex 
with ultrasound probe position indicated. 
was positioned such that the ultrasound beam would arrive perpendicular to the disc 
surface along the centreline, allowing for refraction at the Perspex milk interface. 
Imaging through the angled block produced a clear image of the test object, however, 
when the system was clotted even thick deposition could not be seen. The attenuation 
of the weak echos from the milk/clot surface was too large. However, imaging through 
the flat surface, without the angled block, resulted in a very clear image of both the 
test object and the deposition around it. Location of the ultrasound probe on the 
flat surface was easier than on the curved surface  12  of other parts of the Perspex test 
chamber and the resultant images were brighter. 
Whilst imaging perpendicular to the test chamber wall, Marosek found that test objects 
with smooth surfaces at oblique angles to the ultrasound beam were difficult to image. 
Roughening the surface of the test object may improve imaging by increasing the scatter 
12 Marosek imaged through the curved surface of the polypropylene test chamber. 
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of reflections from the surface but this would also be likely to affect deposition on that 
surface. Imaging of the obliquely positioned disc had, however, produced a clear, well-
depicted image. A brief experiment was conducted to determine at what angles to 
the ultrasound beam the disc could be clearly depicted. It was discovered that angles 
similar to the opening angles of monoleaflet artificial heart valves the disc could be 
clearly imaged. The decision was made to study deposition around the monoleafiet 
heart valves and models using a Perspex test chamber with imaging flats cut along 
the length of the section at several positions around the chamber (see figure 4.18). 
To allow the ultrasonic study of deposition up and downstream of the test objects it 
was necessary to mount the test objects at the centre of the test section rather than 
in the flange as had been done previously[2]. Various cartridge mounting ideas were 
considered as a means of inserting the object into the test chamber, however, even 
cartridges designed to minimise flow disturbance would place yet another interface 
between the test object and the transceiver. Finally it was decided to use the method 
previously used to mount the disc in the prototype test chamber i.e. fixing screws 
directly through the test chamber wall. Section 5.1.7 gives the details of the series of 
heart valves and models used in this study. 
4.3 Resolution of the ultrasound equipment 
Prior to conducting the milk experiments, the accuracy of clot thickness measurement 
using the ultrasound equipment with the new test chamber design was investigated. 
Based on the frequency of the transceiver, Marosek estimated the axial resolution of the 
ultrasound equipment to be 0.31 mm. The manufacturer's stated values of the lateral 
resolution is 1mm. Marosek investigated the accuracy of the ultrasound equipment 
using clot models (small paper balls taped to the teardrop shaped objects) immersed in 
water in the polypropylene test chamber. He found that the axial measurements taken 
from the display screen were accurate to within about 0.4 mm and the lateral resolution 
was indeed about 1 mm. The speed of sound in these clot models was unknown and 
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Figure 4.18: Schematic diagram of the final Perspex test chamber designs. a) Shows a 
cross-section through the test chamber in the direction of flow; b) and c) show cross-
sections of the test chamber at the mounting pins, across the direction of flow, for the 
large, PVC fixed disc and the orifice ring mounted test objects respectively. Note for 
the large fixed disc it was necessary to place mounting screws through viewing positions 
3 and 7 to allow perpendicular incidence of the ultrasound beam at the centreline of 
the disc from viewing position 1. As a result this chamber has 6 rather than 8 viewing 
positions. 
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Figure 4.19: Schematic diagram of the test chamber set-up used to estimate the accu-
racy of clot thickness measurements, measured using ultrasound. 
whilst the predicted length of the model (the lateral direction) may not be affected by 
the speed of sound in the model, the predicted thickness (the axial direction) could be. 
Therefore, the accuracy of thickness measurements was reinvestigated for this study. 
Figure 4.19 shows the test chamber set-up used in preliminary milk experiments to 
estimate the accuracy of clot thickness measurements by ultrasound. Thin blocks of 
PVC were glued onto the edges of strips of acetate in the direction of flow. These table -
like structures were placed in the test chamber and secured using silicone sealant. While 
the sealant was curing the acetate was weighted such that it matched the curvature of 
the test chamber's inner wall, splaying the PVC "legs" of the table. The height of the 
space between the test chamber wall and the acetate was measured. The test chamber 
was then placed in the milk flow system and the space between the acetate and the 
test chamber wall allowed to clot solid. The ultrasound equipment was then used to 
measure the thickness of the known depth of clot. The clot thickness measurements 
were found to be accurate to 0.26 mm. 
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4.4 Interpretation of the ultrasound images 
Figure 4.20 indicates how the ultrasound images of the milk system may be interpreted. 
Cross-talk between adjacent crystals in the transceiver caused artefacts at the edges of 
the occiuders, making it difficult to estimate the position of the ends of the occluder. 
The speed of sound in the occiuder is greater than that in milk, making the object 
appear thinner than it actually was (see Section 4.1.4). Another result of this is that 
the portion of test chamber behind the occiuder is depicted closer to the transceiver 
than it actually was (see the disjointed appearance of the test chamber wall behind the 
occluder). This phenomenon was utilised to estimate the positions of the occiuders' 
up- and downstream extremities. 









Large. fixed disc 	 Imaging plane 	 Direction of flow Edinburgh valve 	 Imaging plane 
b 
Time stamp 
Figure 4.20: Interpretation of ultrasound images of the large fixed disc (left) and the 
Edinburgh valve (right), a) Schematic diagrams of the cross-section under ultrasonic 
interrogation; b) annoted ultrasound images. 
Chapter 5 
Apparatus and Reagents 
The experimental rig developed and used by Christy [2] 1 and Marosek [3] was to be 
reused but required recommissioning and some further development. Improvement 
of the deaeration was one of the primary goals of the rig development. Previously, 
Marosek found that bubbles in the milk flow were highly reflective to ultrasound and, 
in ultrasonic images, obscured the weakly reflecting milk clot. Marosek redesigned the 
old deaerator but did not manage to achieve a satisfactory level of deaeration. Section 
5.2 details the development of the new deaerator conducted during this study. 
Other issues associated with the experimental set-up were also addressed; in particular, 
a new source of enzyme was required to induce milk coagulation (see Section 5.3). 
'The original rig (comprising the heating system, the stainless steel header tank, the "Teistor Series 
80" level sensor and controller and the dosing pumps) was supplied by Swan Engineering which is no 
longer in business. 
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Figure 5.1 shows a flowsheet of the experimental apparatus used for these experiments. 
The following sections discuss the function and recommissioning requirements of each 
major piece of equipment. 
5.1.1 Milk and Water Supply Tanks 
A large plastic water tank was permanently connected to the system at the start of the 
main line of flow and supplied the system with water so steady state could be reached 
before the changeover to milk. Water to the tank was supplied by means of a PVC 
inlet tube connected to the mains and controlled by a ball valve with an overflow to 
the sink. A simple plastic stopcock was used to isolate the water tank from the main 
system. 
Milk was dispensed from three 5 gallon, PVC containers. Stopcocks near the bottom 
of these containers were connected to the main flow line via a manifold arrangement 
which was situated between the heat exchanger and the water tank isolation valve. The 
manifold allowed a simple, fast changeover between the water and milk and between 
the individual milk containers themselves. 
5.1.2 Heating System 
Milk was drawn by vacuum through a single pass, plate heat exchanger constructed 
from 316 stainless steel with Paracril gaskets to minimise fouling by milk proteins. 
Hot water (heated by a 3-phase 6kW heating element submerged in a water tank) 
was pumped through 6 parallel water channels which alternated with 5 parallel milk 
channels. 
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Figure 5.1: Schematic diagram of the experimental apparatus, arranged for pulsatile 
flow, with deaeration section indicated. 
CHAPTER 5. APPARATUS AND REAGENTS 	 109 
The original temperature control system had been replaced by Marosek and consisted 
of a "91e Eurotherm" temperature controller (which automatically calculates the PID 
control parameters when a set-point is entered) and a set of five K-type thermocou-
ples which slipped into thermally conducting pockets in contact with the flow. The 
temperature controller was connected to the water heater and controlled the water 
temperature (and in turn the milk temperature) using a negative feed back loop. The 
water temperature was kept below 60°C at all times to prevent heat-induced changes 
in the milk. 
The thermocouples were calibrated using a PtlOO resistance thermometer and water 
samples at different temperatures. The thermocouple measuring the temperature of 
the milk flow just prior to the test chamber was replaced with a more robust stainless 
steel sleeved thermocouple as it was in a prominent position on the rig and had broken 
on several occasions. Where possible all tubing between the heat exchanger and the 
vacuum vessel was insulated. 
After the thermocouples had been calibrated and the heating loop water pump had 
been overhauled the temperature control system was able to maintain a constant milk 
temperature of 37°C at a milk flowrate of 21/mm. 
5.1.3 Deaerator 
The previous deaerator developed by Marosek did not achieve a satisfactory degree of 
deaeration and so some considerable time was spent on improving this aspect of the rig 
design. Section 5.2 details in full the development and final design of the new deaerator. 
The individual components which made up the two stage deaeration process were: 




After heating, the milk was drawn into a vertical, cylindrical, QVF glass vessel 2 under 
vacuum via a centralised spray head (see figure 5.1). The vessel contained a packed 
depth (27 cm) of glass raschig rings which were supported by a gauze 12 cm above the 
bottom of the vessel. The system was found to deaerate well when liquid was allowed 
to fill the vessel to a height of approximately 4cm above the bottom of the packing. 
The vacuum was drawn by the flow through a water-jet-ejector connected to a high 
pressure water line. 
Peristaltic Pump 
A Watson Marlow 603U/R peristaltic pump 3 , operated under auto-control, pumped 
milk from the vacuum vessel to the stainless steel header tank. A level controller in the 
header tank controlled the pump speed. The pump required some refurbishment and 
recalibration after the internal programming switches had been reset for auto-control. 
The pump was required to pump from a greater vacuum than previously; accordingly, to 
prevent the tubing in the pumphead from collapsing the 12.7 mm i.d. silicone tubing 
was replaced with 9.6mm i.d, 3.2 mm walled tube. For the same reason the tubing 
between the vacuum vessel and the pump was replaced with reinforced tubing. 
Header Tank 
The second stage of the deaeration process allowed air bubbles, which had been drawn 
out of solution in the vacuum vessel, to disengage at ambient pressure. A 5 litre, 
insulated stainless steel header tank (used previously on the rig) was employed in 
2 Quickfit Visual Flow glass supplied by Corning Glass, 1 The Valley Centre, Gordon Rd, High 
Wycombe HP13 6EQ. 
'Watson-Marlow Bredel Pump Ltd, Falmouth, Cornwall TR11 4RU. 
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this task. Internal baffles and a modified inlet (see figure 5.2) encouraged bubbles to 
disengage at the liquid surface before they redissolved. 
Control 
Two level control loops ensured the smooth running of the deaeration system. The first 
maintained the level in the vacuum vessel by controlling the input by an on-off valve 
actuated by the level in a side arm attached to the vessel. The side arm contained three 
conducting rods, two of which were positioned at the desired high and low levels, the 
third was common. The rods were connected to a standard RS relay switch liquid level 
sensor which controlled a solenoid valve upstream of the vacuum vessel. To smooth 
spikes in the flowrate, a bypass was inserted around the solenoid valve and the flow 
through it was manually set to just below 2 1/mm. A valve just before the solenoid 
valve was also manually set to ensure that when the solenoid valve opened there would 
not be a sudden surge in the flowrate. Thus the level in the vacuum vessel fluctuated 
very slowly up and down by about 2 cm. The second level control loop controlled the 
level in the stainless steel vessel by automatically adjusting the speed of the peristaitic 
pump using a "Telstor Series 80" level sensor and controller. 
5.1.4 Pulsatile Pump 
Previously, a hydraulic diaphragm pump, designed by Macleod[115] and constructed in 
the School of Chemical Engineering, had been used in the pulsatile flow experiments. 
However, the rubber bellows required for this pump are no longer available and the 
existing bellows had perished. A piston pump, also designed and built in the Chemi-
cal Engineering workshop for flow visualisation experiments, was then recommissioned 
instead (figure 5.3). On recommissioning this pump (which had previously sustained 
serious damage) it was found that it could not deliver the expected flowrate. Fortu-
nately, a second, larger piston pump of the same type but of twice the area had been 
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built and never used. After commissioning, this proved more than able to deliver the 
desired flowrate. 
The pump is fabricated in brass and a 200 W stepper motor (transferred from the 
smaller to the larger pump) drives a piston on a helical thrust bearing. It is possible 
to program the piston movement, and thus the output wave form using a computer; 
but for these experiments the pump was driven by a sinusoidal signal generated within 
the pump power supply. The power supply can be used to adjust the frequency and 
amplitude (which corresponds to stroke length) of the signal to the pump. Two digital 
displays were placed on the power supply box to show the frequency and amplitude, 
displayed in beats per minute and voltage respectively. The inlet and outlet non-return 
valves on the pump were similar to the "Jellyfish" valve, consisting of small circles cut 
from flexible, plastic sheet each covering six flow holes. 
5.1.5 Dosing Pumps 
It was obvious after an initial attempt to use the two Liquid Metronics Series Al 
metering pumps that they required considerable overhaul as they were unable to deliver 
their design range of dose frequencies (15-100 doses/mm) and stroke volumes (0-0.63 
ml). They were taken apart to allow thorough cleaning and the dials to control stroke 
volume and frequency were removed so the adjustment screws could be reset (they had 
become detached from the dials). The narrow, metal outlet tubes were refixed in place 
and the flexible tubing attached to them was replaced. Wider bore tubing was used for 
the CaC12 dosing pump because the saturated CaC12 was too viscous to flow along the 
narrow tube easily. It was then necessary to calibrate each pump (with the appropriate 
solution, either rennet or CaC12) because the values of stroke length and frequency on 
the dials did not correspond to the actual delivery. The pumps were fed from glass 
reservoirs placed just above the pumps. 
Immediately upstream of the point of reagent injection the flow was split in two at a 
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Figure 5.2: Cross-section of the header tank showing internal baffle arrangement. 
Figure 5.3: Photograph of the small piston pump, similar in type to the piston pump 
used for the pulsatile flow milk experiments. 
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Y-piece (maintaining constant velocity) and plastic T-pieces inserted into each limb. 
The two injection points were made up by inserting hypodermic metal tubing similar 
in diameter to the pump outlets, into bungs (one for each injection point) and placing 
the bungs in the open branches of the T-pieces with the outlet end of the hypodermic 
tubing at the centreline of the flow. The outlet tubing from each dosing pump was 
then connected to its own injection point. The injection points were situated 1.25 m 
upstream of the test section ensuring that the mean residence time of the fluid reaching 
the test object was significantly less than the Rennet Coagulation Time of the milk 
mixture (see Section 5.3.1). 
5.1.6 Test Chamber 
Previously, Marosek had considered how the ultrasound equipment could be adapted 
for use with his experimental set-up. This led to the development of a support for the 
ultrasound probe used in conjunction with a polypropylene test chamber. This was the 
limit of the modifications which could be made to the ultrasound hardware, short of 
purchasing a new ultrasound imaging system, and further development was confined to 
the test chamber. 
The development of the test chamber (Section 4.2) led to the following design: the 
sections up and downstream (306 and 155 mm long respectively) of the test chamber 
were the same as those used by Christy and Marosek (figure 5.4), namely two 32 mm i.d, 
flanged Perspex pipe sections. To reduce the spread of residence times in the activated 
milk the inlet section contained a diffuser and the outlet section a converger to promote 
plug flow and laminar flow in pulsatile and steady flow respectively. 
Once the flow system had been recommissioned it was found that aligning the ultra-
sound probe reproducibly with the curved outer surface of the test chamber (design by 
Marosek) was very difficult. Since the outer wall of the test chamber was curved and 
the ultrasound probe was flat only a narrow strip of the probe head came into contact 
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Figure 5.4: Schematic diagram of the Perspex test sections upstream and downstream 
of the test chamber. 
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with the test chamber resulting in poor reception of the ultrasound reflections. As 
a result of some supplementary experiments (Section 4.2.3) two slightly different test 
chambers (for different test objects) were fabricated in Perspex with the same dimen-
sions as the downstream pipe section (figure 4.18). Several 10 mm wide flat surfaces 
were machined along the outside of the test chambers, parallel to the direction of flow. 
These surfaces allowed easy, reproducible location of the ultrasound probe at several 
positions of interest relative to the test object inside. The quality of image produced 
by imaging through these flats was greatly superior to that through the unmachined, 
curved, outer wall. Test objects were held in place by locating screws which screwed 
right through the test chamber walls and sealed with thread tape. Several wooden sup-
ports were cut to facilitate the positioning of the test objects within the test chamber 
while the locating screws were being tightened. The flanges of all the Perspex sections 
were marked to ensure they were lined-up identically for each experiment. 
5.1.7 Test Objects 
One of the problems inherent to ultrasound imaging is the difficulty of imaging surfaces 
oblique to the ultrasound beam. However, some simple experiments demonstrated that 
for surfaces at angles similar to the opening angles of monoleaflet heart valves the 
imaging was satisfactory (Section 4.2.3). The five test objects, investigated in steady 
and pulsatile flow, were: 
A large PVC disc fixed at an angle similar to the opening angles of monoleaflet 
heart valves (31.50 mm diameter, thickness 2 mm). 
A small, PVC fixed-disc, mounted in an orifice ring (23.99 mm i.d., thickness 
2mm). 
A PVC orifice ring (23.99 mm i.d.). 
An Edinburgh Valve (23.90 mm i.d.). 
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5. A Bjork Shiley Valve (23.96 mm i.d.). 
These are shown in figures 5.5. 
The valves were mounted in PVC orifice rings so they would fit the test chamber without 
leakage between the valve and walls. The PVC orifice ring also served to dampen the 
strong reflections from the metal housing rings on the valves. The Bjork-Shiley valve 
was a monoleaflet valve fabricated in pyrolytic carbon. The Edinburgh valve[119] is 
a tilting disc valve designed and fabricated in School of Chemical Engineering. The 
aerofoil shaped occluder was made of Delrin and had a maximum opening angle of 
approximately 15° from the horizontal. 
The edges of the fixed discs were slightly rounded and the discs were fixed at an angle 
of 15° from the axial centreline of the test chamber. These test objects were used as 
simple approximations to monoleaflet heart valves. The smaller fixed disc was mounted 
in a PVC orifice ring so the interactions between disc and ring could be observed. The 
effects of the orifice ring alone were also investigated. 
The majority of the experiments were conducted with the large fixed disc and the 
Edinburgh valve. 
5.1.8 Imaging and Recording Equipment 
The ultrasound imaging equipment, seen in figure 5.6a, consisted of a Concept 2000 
Ultrasound Scanner  and a 7.5 MHz linear array transducer. Details of the maintenance 
required and user instructions can be found in Appendix A. 
During the experiments the ultrasound probe was held in place by a support designed 
and used by Marosek (figure 5.6b). The date, time and a stopwatch counter were 
4 Dynamic Imaging, Brucefield Industrial Park, Livingston. 







Figure 5.5: Photographs of some of the test objects used. a) The large PVC fixed disc, 
mounted in the Perspex test chamber; b) the small PVC fixed disc; c) the Edinburgh 
valve and d) the Bjork-Shiley valve. 




Figure 5.6: Photographs of a) the Concept 2000 Ultrasound Scanner and b) the 7.5 
MHz ultrasound probe mounted against a polypropylene test chamber using the probe 
support [3]. 
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superimposed on the ultrasound footage by feeding the signal from the scanner through 
a Panasonic date-time generator. The signal from this was recorded by a Panasonic 
VHS recorder with Super Still and Superfine slow controls. Initially an SVHS recorder 
had been used but the scanner was found to be incompatible with this equipment 
resulting in a large amount of noise being superimposed on the recorded images. An 
output signal from the Panasonic video displayed the real time images on a larger 
black and white screen and still images could be printed on a Sony thermal printer. The 
scanner controls were set to optimum values and only minor adjustments were necessary 
for the different test chambers and objects being used. Details of the calibration of the 
ultrasound equipment can be found in Section 4.3. Measurement of structures in the 
ultrasound images could be made using on screen calipers, positioned using a trackerball 
device. This feature was not used often as the experimental footage was analysed at 
a later date using a software tool developed for the purpose (see Appendix C for full 
description). 
5.1.9 Outlet Drain 
Previously waste had been fed to a vertical drainpipe, continuously flushed with water, 
exiting to the sink. Two nozzles on the drainpipe allowed a choice of heights to which 
the exit tube from the test section could be attached for either steady or pulsatile 
flow use. Since the experiments conducted by Marosek a new drain had been inserted 
immediately adjacent to the rig. This meant that reacting milk did not need to be 
flushed down the sink and the chance of bulk clotting occurring before milk had left 
the system was not an issue. The original vertical, drainpipe was fitted with an extra 
nozzle and attached to the wall above the new drain with clips. For steady flow, the 
difference in height between the level in the stainless steel header tank and the outlet 
drain controlled the fiowrate. To change the steady flow flowrate Marosek adjusted the 
height of the header vessel, however, with the new wall clips it was possible to change 
the flowrate by adjusting the height of the exit. The extra nozzle minimised the range 
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of heights the drainpipe had to be moved through. For pulsatile flow experiments 
the exit was raised to a height of 75cm above the top of the header vessel and an 
extension was added to the bottom of the drainpipe so it would reach the drain below 
without splashing. The vertical drainpipe was kept constantly flushed with water during 
experiments and flowrate checks were conducted by temporarily removing the exit tube 
from the nozzle and measuring the flowrate with a stopwatch and measuring cylinder. 
5.2 Deaeration of Milk 
Deaeration of the milk is an essential part of the "feed" preparation for these experi-
ments. Strong reflections, from bubbles present in the flow being imaged, lead to serious 
attenuation of the ultrasound signal and, as a result, weakly reflecting clot structures 
are more difficult to detect. 
Marosek suspected that air bubbles in the milk could interfere with the clotting process. 
Currently their influence on clot development is unknown but their resulting interfer-
ence with the ultrasonic imaging technique alone means that the maximum deaeration 
possible should be attained. 
At the outset of this project it was felt that adequate deaeration had not been achieved 
by Christy and Marosek in their work. Using the ultrasound equipment as a method 
of measuring the degree of deaeration being achieved, the performance of the existing 
deaerator was assessed and found to be inadequate. Several alternative methods of 
deaeration were then investigated. Since milk is more expensive than water and less 
convenient to use, designs were first tested with water and promising systems were then 
tested with milk. 
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5.2.1 Original Deaerator 
The deaerator design used by Marosek can be seen in figure 5.7. It consisted of a 
cylindrical PVC chamber on which a vacuum was drawn by means of a water-jet-
ejector connected to the tanked water supply system of the laboratory. Inside the PVC 
chamber there was a vertical baffle which forced milk up, past the vacuum exit before 
it exited the vessel on the other side of the baffle. The liquid level in the deaerator 
was controlled by adjusting the degree of vacuum being pulled and liquid was pumped 
from the vessel by a peristaltic pump operating under feedback control from the level 
control for the header vessel. 
The main problems with this design were: 
The degree of deaeration was not acceptable. 
The system was very difficult to control. 
. The vacuum, which controlled the liquid level, varied constantly with the level, 
implying constantly varying degrees of deaeration. 
. There was no measure of the actual vacuum being achieved. 
. The deaerator was constructed from opaque PVC preventing visual observation 
of what was going on inside. 
5.2.2 Measurement Technique 
To allow different methods of deaeration to be compared it was necessary to quantify the 
degree of aeration of the milk. The following measurement technique was accordingly 
developed. 
Polycarbonate viewing chambers were constructed and inserted up and downstream 
of each degassing system. These viewing chambers allowed observation of the degree 
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of aeration of the liquid using the ultrasound probe. A video recorder was used to 
record the real-time ultrasonic images of the flow and an image grabbing program 
was used to snatch still frames from this footage. Ten frames, evenly spaced in time, 
were selected from each piece of footage and the number of bubbles in each frame was 
counted either manually or with the aid of a particle counting program. Examples of 
these still images can be seen in figure 5.8. The average number of bubbles per frame 
(bpf) was calculated and used to compare the degree of aeration of the flow before 
and after deaeration. Comparisons were then made between the different deaeration 
techniques and the different operating conditions. 
5.2.3 Methods of Deaeration 
The following methods of deaeration were investigated and led to the final deaerator 
design (Section 5.2.4). To allow visual observations as well as ultrasonic measurements 
the various deaerator designs were constructed from transparent materials where prac-
tical. 
Vacuum 
Initially, batchwise deaeration experiments were performed to study the effects of vac-
uum on liquid bubble content. Figure 5.9a shows the equipment used to conduct these 
experiments. Due to the limitations of the pump it was necessary to repressurise the 
vacuum vessel before pumping the liquid through the viewing chamber. Liquid was also 
allowed to sit for a range of times (0-20 minutes) after exposure to vacuum to determine 
whether or not air bubbles would redissolve after repressurisation of the chamber. It 
was noted that the vacuum was very good at pulling air out of solution but the subse-
quent bubbles produced did not appear to have enough time to disengage or sufficient 
surface area on which to coalesce. 

























Figure 5.8: Ultrasound images demonstrating the level of aeration of the flow, obtained 
by imaging through the polycarbonate viewing chambers. a) A case where there are a 
large number of bubbles in the flow and b) a case where there are few bubbles in the 
flow. 




















Figure 5.9: a) Flowsheet of the equipment used to perform batchwise deaeration by the 
application of vacuum and b)modifications to the vacuum vessel to increase surface area, 
using raschig rings, and residence time within the packing, by means of a recirculation 
loop. 
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The next set of batchwise experiments increased the surface area, using glass raschig 
rings, and lengthened the residence time in the packing, using a liquid recirculation loop. 
Previously the vessel had been filled via an offset inlet tube through the top flange. 
However, after several different inlet nozzles had been tried, a simple watering-can 
spray head was adopted as, in a centralised position, it gave the best liquid distribution 
across the packing. The diameter of the holes in the spray plate was increased slightly 
to reduce the resistance to flow. These changes can be seen in figure 5.9b. For these 
experiments it was noted that bubble content decreased with decreasing pressure and 
with increasing vacuum exposure time. 
To allow continuous deaeration experiments it was necessary to implement a control 
system, while this was being constructed two people were required to operate the rig. 
Figures 5.10 show the changes made to operate the system continuously. The effects 
of vacuum, packing depth and flowrate on liquid bubble content were investigated. 
Recirculation was not used in the continuous deaeration experiments. 
Under continuous operation, bubble content actually increased with decreasing pres-
sure. This was contrary to results obtained during batchwise deaeration. Flowrate 
and packing depth were the two factors which appeared to influence bubble content 
most. The number of bubbles per frame fell considerably when the packing depth was 
doubled. Bubble content also decreased with decreasing flowrate but this observation 
was not considered of practical value since the system was to be operated continuously 
and the liquid bubble content at flowrate of interest (approximately 21/mm) was too 
high. It was decided that vacuum alone was not an adequate solution to the problem 
as the bubble content had been unacceptably high (ranging from 30 to 80 bpf) in every 
set of experimental conditions investigated. 
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Figure 5.10: a) Flowsheet of the equipment used to perform continuous deaeration by 
the application of vacuum and b) a more detailed schematic diagram of the system 
used to control the level in the vacuum vessel. 




As a novel approach, ultrasonic deaeration was considered as a possible solution to 
this problem. Some initial experiments were performed taking images of water and 
then milk held in sealed plastic sample tubes submerged in an ultrasonic bath. The 
ultrasound images produced were not clear, but it was observed that tiny bubbles stuck 
to the inside walls of the tubes did rise above the liquid level in the ultrasonic bath. 
This bubble migration occurred during the first minute of irradiation in every case, 
suggesting that ultrasound did affect the movement of bubbles. A few larger bubbles, 
not observed before irradiation, adhered to the sample tube inner walls below the bath 
level after irradiation; perhaps suggesting agglomeration of smaller bubbles. 
The effect of ultrasound irradiation upon the bubble content of continuous flow was then 
investigated by passing the flow (in a silicone rubber tube) through the ultrasonic bath. 
The ultrasonic bath, however, interfered greatly with the operation of the ultrasound 
probe causing a tremendous amount of noise on the images produced. It was deemed 
impractical to proceed further with the investigation of ultrasonic deaeration as there 
was little improvement in deaeration and the effect on the imaging equipment was most 
undesirable. 
Cyclonic deaeration 
A hydrocyclone was developed[123], figure 5.11b. The cyclone was constructed with 
PVC apart from the lid and gaseous products outlet tube which were made of Perspex to 
aid observation of the cyclone performance. The tangential liquid inlet flattened out and 
entered the cyclone barrel at a small angle to the horizontal to encourage propagation 
of a liquid film down the cyclone. The liquid outlet was axial. The maximum flowrate 
under gravity was only 0.89 I/min but this was increased using a gear pump on the 
liquid outlet. A Perspex header tank was used to provide a steady flow to the cyclone 
and a globe valve was used to control the rate. Figure 5.11a shows the experimental 
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set-up for testing the hydrocyclone. Vacuum could be applied to either or both the 
vacuum vessel and the cyclone and a range of flowrates and vacuums were tested. This 
cyclone proved unstable and difficult to control, liquid often shooting up the gas exit 
or gas being drawn down the liquid exit. 
A second hydrocyclone was constructed based on a design by Bandyopadhyay et al[124], 
who suggested that for a given cyclone length to diameter ratio () there exists an 
angle (O pt) between the liquid inlet and outlet which will give optimum gas separation: 
q(rad) = 2 (
L
) - 2(N7r - 0.4) 	 (5.1) 
with in the range 2.74 + (N - 1)7r < 	2.74 + Nit, where N = 1,2,3..... 
N is the number of turns the fluid makes between the liquid inlet and outlet assuming 
the liquid drops a height of irD with each turn. Bandyopadhyay observed two main 
shapes of gas core in their cyclone experiments, straight and helical. It wa-f ' 
the shape of the gas core could be altered by changing the angle between the liquid 
inlet and outlet. It was proposed that optimum gas separation occurs when the gas 
core is stable and in line with the gaseous outlet. For each value of L/D there was 
found to be one angle between the inlet and outlet which produced a straight, stable 
core and as a result optimum gas separation. 
The second design of hydrocyclone had a tangential liquid outlet, a wider gaseous 
outlet and three different, interchangeable, Perspex barrel lengths (figure 5.11c). Each 
of the three barrel lengths were tested for 0 = Qopt, 90°, 180°, 270°, 360°. Viewing 
chambers before the header tank and after the cyclone allowed a comparison between 
the initial and final bubble contents to be made. A bypass round the cyclone allowed 
an investigation into the effect of the Perspex header tank itself. Various arrangements 
of baffles within the header tank were also investigated (see table 5.1 and figure 5.11a). 
Perspex 
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Figure 5.11: a) Flowsheet of the equipment, used in conjunction with the vacuum 
chamber in figure 5.10, when testing various cyclone designs. b)Schematic diagram of 
the first cyclone design. c) Schematic diagram of the second cyclone design[124]. 
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Diameter Angle Diameter Gauze 	cone 
Arrangement Direction 
of 	Inlet of 	Inlet of 	Outlet on Inlet baffle 
of Inlet 
Baffle Baffle Baffle 
1 downwards - - - No 
2 upwards 5 cm Horizontal 10cm No 
3 upwards 10 cm Horizontal 10 cm No 
4 upwards 5 cm 5° 	from 10 cm No 
Horizontal 
5 upwards 5 cm 100 	from 10 cm No 
Horizontal 
6 upwards 5 cm 100 	from 10 cm Yes 
Horizontal 
Table 5.1: Inlet and internal baffle arrangements for the header tank. 
Under the experimental conditions investigated the hydrocyclone did not perform satis-
factorily. In particular, eradication of leaks into the cyclone was very difficult. However, 
the level of deaeration achieved with the Perspex header tank and glass vacuum vessel, 
observed while bypassing the cyclone, was satisfactory (less than 10 bpf) and this led 
to the final deaerator design. 
5.2.4 Final Deaerator Design 
When it was realised that the cyclone bypass arrangement was producing a satisfactory 
level of deaeration, this system was developed further. 
The following modifications were made to optimize the bypass arrangement and produce 
the final design: 
. The Perspex header tank was replaced with the original, stainless steel header 
tank because the latter was thermally insulated and had a smaller hold-up than 
the former. 
The optimum baffle arrangement (see arrangement 6 in Table 5.1)was found to 
be the same for both tanks. 
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. A new PVC lid was fabricated to replace the old stainless steel lid of the header 
tank to accommodate the new inlet. 
• The experiments with the cyclone had shown that air bubbles pulled out of so-
lution by the vacuum did have time to disengage in the header tank before they 
could re-dissolve. An operating pressure of -0.4 bar 9 for the vacuum chamber was 
found to be practical, providing a satisfactory degree of deaeration with minimum 
strain on the peristaltic pump. 
The final deaerator design can be seen in figure 5.1. It consisted of the glass vacuum 
chamber and a stainless steel tank at ambient pressure. Liquid entered the vacuum 
chamber via a spray head and passed over a packed depth of glass raschig rings. The 
vacuum was drawn by a water-jet-ejector and was measured with a bourdon pressure 
gauge. The vacuum drew liquid into the vessel but the level was controlled by the 
simple valve arrangement upstream of the chamber. Liquid was pumped from the 
vacuum chamber into the stainless steel tank by a peristaltic pump, maintaining the 
level in this tank. The stainless steel tank contained the baffle arrangement described 
previously (Section 5.2.3). The individual pieces of equipment comprising this design 
and its control system are described in Section 5.1.3. 
Once the system had been optimized with water it was tested with milk and found to 
produce better deaeration than Marosek had achieved. The final system took longer to 
reach steady state with milk than with water. It was necessary to run approximately 
five gallons of milk through the system to achieve steady state but since the average 
experimental time was approximately eleven minutes the total amount of milk used 
was the same as that used by Christy and Marosek. 
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Rennet Supplier Type %Chymosin %Pepsin 
Bannerman's Bannerman's Calf unknown unknown 
Hansens's Standard Christian Hansen Calf 63 37 
NSP 200 Christian Hansen Calf >75 <25 
Fromase Christian Hansen Microbial - - 
Maxiren Christian Hansen Pure Chymosin 100 - 
Chymostar Rhodia Pure Chymosin 100 - 
Table 5.2: Specifications for each rennet including the percentages of the active milk-
coagulating enzymes (Chymosin and Pepsin). 
5.3 Investigation of Rennets 
The reagents used to induce milk coagulation were Calcium Chloride 5 and chymosin. 
In the past, chymosin had been sourced in the form of calf rennet from a local manu-
facturer, Bannerman, who unfortunately had ceased business a few months before the 
commencement of this project. Due to the BSE crisis the number of manufacturers 
producing bovine rennet in the UK has decreased drastically over the past few years 
and instead a new wave of pure chymosin and microbial rennets are being produced. 
Since it was necessary to find a replacement rennet a set of experiments was performed 
with a range of modern rennets to find which rennet mimicked the behaviour of the 
previous rennet best. 
There was no success finding a local supplier of rennet, bovine or otherwise. Eventually 
two suppliers were traced: Rhodia and Christian Hansen. Samples of some of their 
products were obtained from two of their customers. The rennets in question were: 
Hansen's Standard, Naturen Standard Plus 200 (NSP 200), Fromase XL and Maxiren 
from the Hannah Research Institute in Ayrshire and Chymostar 15 from the Caledonian 
Cheese Company, also in Ayrshire. Table 5.2 shows the details for each rennet. 
Maxiren and Chymostar are genetically modified rennets that are produced by recom- 
binant DNA technology. Since they are both 100% pure chymosins it was considered 
'Alpha Supplies, Bonnington Road Lane, Edinburgh. 
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necessary to test only one of them; Maxiren was selected. Fromase XL is a microbial 
coagulant derived from a soil fungus and has an overall amino acid composition similar 
to that of calf rennet. 
5.3.1 Lee White Tests 
The classical method for determining the coagulation time of blood is the Lee White 
test. Freshly-drawn, venous blood (1cm 3 ) is placed in a stoppered test tube (8 mm 
diameter), which has been rinsed with saline, and inverted every 30 seconds at room 
temperature until the blood clots solid. Noting the start and finish time allows cal-
culation of the blood clotting time. On the same principle tests were used by Lewis 
to characterise the rennet induced coagulation time for milk, using 1cm 3 of milk and 
10l each of rennet and saturated CaC12 solution in place of blood. However, the time 
between inversions specified in the original Lee White test was of a similar length to 
the actual coagulation time of milk at the temperatures of interest (30 to 40°C) and so 
Christy increased the sensitivity of these tests. By doubling the inversion rate to every 
15 seconds and increasing the volume of milk and reagents five-fold (placed in a 12mm 
stoppered test tube) Christy could determine the Rennet Coagulation Time (RCT) of 
milk more accurately. 
Christy[2] used such Lee White type tests to check for reproducibility of the reagents 
used and also modified the test to investigate the effects of agitation on the clotting 
process (see Section 3.2). He demonstrated that agitation at critical stages of the 
clotting process produces preferential binding of clot to the test tube walls. To allow 
comparison to be made with the work of Lewis, Christy and Marosek it was felt that 
any new rennet should mimic this behaviour as closely as possible. Agitation tests were 
first conducted using the last of the remaining stock of Bannerman's rennet to ensure 
the results of Christy could be reproduced. The tests were then repeated using the new 
rennets. 
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Standardisation of the Lee White test 
For the agitation tests, Christy used conditions which produced a Rennet Coagulation 
Time (RCT) of 150 seconds. To compare the effects of agitation for the different rennets 
on an equal basis it was necessary, first of all, to establish the conditions such that the 
Lee White tests gave RCTs of approximately 150 seconds for each rennet under test. 
All tests were conducted by adding 501 each of rennet (at whichever concentration 
was under investigation) and saturated CaC12 solution to 5ml of milk in 12 mm diam-
eter test tubes. Test tubes were clean and dry and sealed with a clean, dry, rubber 
bung. Temperature was regulated using a water bath and, to avoid excessive cooling 
of the milk, after each inversion whichever end of the test tube contained the milk was 
resubmerged in the water bath. As a starting point, Lee White tests were carried out 
at 33°C, using undiluted Bannerman's rennet and inversion rate of 30 seconds. 
There was some trouble at first getting the milk to clot firmly or stick to the test 
tube. It was decided that most probably the CaC12 solution was not fully saturated. 
A concerted attempt was made to achieve a fully saturated solution and the clotting 
results of the subsequent Lee White tests were much more satisfactory. 
Lee White tests were performed using each of the rennets in turn for inversion rates of 
15, 20 and 30 seconds and temperatures of 32, 33, 37 and 38°C. Since the new rennets 
were more concentrated than Bannerman's rennet, various rennet dilutions (0, 5, 10 and 
25 times) and the manufacturers recommended dosage were investigated. The rennets 
were diluted no more than 48 hours before the day of the experiment with distilled 
water, as chloride ions reduce rennet activity[125]. 
The effects of inversion rate, temperature and rennet concentration on RCT and the 
macroscopic clot structure were noted for each of the rennets. Three main clot types 
were observed during the Lee White tests: smooth and firm (type I), grainy or loose 
(type II) and spongy (type III). The smooth and firm clots, type I, were taken as the 
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standard result as they are the type of clot which would be produced if the milk and 
rennet were left to clot without inversion. Type I clots were slow to synerese and had a 
smooth, firm texture. Spongy plugs, type III, tended to occur if the milk was clotting 
during the final inversion and were much smaller than the smooth clots, releasing much 
more whey. Type III clots did not adhere to the test tube walls and were spongy and 
almost waxy in texture. The texture of loose plugs, type II, lay between the extremes 
of clot types I and III. Type II clots tended to occur when the milk was very thick on 
the penultimate inversion. The RCTs for smooth plugs were usually shorter than those 
for loose plugs, a trend which can also be seen in the results of Christy's agitation tests. 
For Bannerman's, Hansen's Standard and NSP 200 rennets increasing inversion rate 
and decreasing temperature led to an increase in the number of loose and spongy 
clots produced. Fromase also produced more loose and spongy clots as temperature 
decreased but seemed less sensitive to increasing inversion rate at the conditions inves-
tigated. Tests conducted with Maxiren seemed most sensitive to rennet concentration, 
producing more loose and spongy clots at weaker rennet concentrations. 
Finally, the standard test conditions were chosen based on an RCT of approximately 
150 seconds for each rennet. Table 5.3 shows the appropriate dilution for each rennet 
tested at a milk temperature of 37°C and an inversion rate of 30 seconds. The rennets 
were diluted with distilled water and 50il each of the rennet solution and saturated 
CaC12 solution were added to 5m1 of milk giving an RCT of approximately 2 to 3 
minutes. 
'No agitation' tests 
Before the agitation tests were conducted a set of Lee White tests was carried out, 
using the standardised conditions without agitation, for each of the rennets to allow a 
basis for comparison. 
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Rennet Volume Dilution 
Volume of Rennet in 
50m1 Standardised 
Solution (ml) 
Bannerman's 5 times 10.00 
NSP 200 Recommended Dosage 0.86 
Hansens Standard Recommended Dosage 1.29 
Fromase Recommended Dosage 1.05 
Maxiren 25 times 2.00 
Table 5.3: Rennet dilutions for standardised Lee White tests. 
For Bannerman's rennet, smooth plugs occurring at the bottom of the tube would 
shrink away from the walls after about an hour and slide out easily. There were no 
cases of wall clot deposition for these tests. However, smooth clots produced using 
the new rennets tended to be very difficult to extract even after 2 hours and longer 
and they often left some wall deposit. Only clots produced using Fromase (microbial 
rennet) contracted away from the walls leaving no wall deposit, similar to Bannerman's, 
after three hours. 
If the final clot occurred at the neck of the test tube when using some of the new 
rennets it was found that the clot would shrink towards the tube walls as whey flowed 
to the bottom of the tube. This was noticed for all of the new rennets except Hansen's 
Standard for which there were no cases of the final clot occurring at the neck of the 
test tube. However when using Bannerman's rennet, clot occurring at the test tube 
neck tended to shrink axially rather than towards the tube walls. 
These observations seem to suggest that the clots produced with Bannerman's do not 
adhere to the test tube walls preferentially, or that these bonds are broken down rea-
sonably quickly after the test, under normal test conditions. The new rennets seem to 
demonstrate the opposite behaviour. A possible reason for this could be that Banner-
man's contains a larger percentage of pepsin than the modern rennets (as is certainly 
the case for the pure chymosin Maxiren) and this results in a faster breakdown of bonds 
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attaching clot to the walls. 
NSF 200 and Maxiren produced very few smooth plugs during these tests but this 
is suspected to be a result of the particular combination of temperature and rennet 
concentration. There appears to be a critical stage in the final clotting process during 
which inversion of the test tube is sufficient to prevent the clot from forming a large, 
smooth plug; instead there is formed a small, hard, spongy clot which falls down the 
tube as the tube is inverted. 
Agitation tests 
The purpose of these experiments was to see if it was possible to reproduce with any 
of the new rennets the results Christy observed when he first conducted the agitation 
tests with Bannerman's rennet. Christy added 20l each of rennet and saturated CaC1 2 
solution to 5m1 of milk at 33°C and used a 30 second inversion rate to give an RCT 
of 150 seconds. The Bannerman's rennet was retested under these conditions but the 
new rennets were tested under the standard conditions developed previously (Section 
5.3.1). During the tests the test tube was shaken vigorously for a single 30 second 
period at time 0, 30, 60, 90, 120 or 150 seconds after the start of the experiment. The 
observations of clot behaviour are noted in table 5.4. 
The clot behaviour observed for Bannerman's was the same as that originally demon-
strated by Christy. For the agitation periods beginning at time 0 and 30 seconds the 
clot behaved as for the "no agitation" case forming a smooth plug which would shrink 
away from the test tube walls after about an hour. There appeared to be a "critical 
zone" for the agitation period beginning at time 60 seconds as agitation during this 
period caused clot to form preferentially on the test tube walls. Loose, spongy plugs 
of clot were formed after agitation periods at time 90 and 120 seconds. At time 150 
seconds, agitation broke up the final clot which had already formed. 
Observations of Final Clot Behaviour For Each Rennet 
Time 
Beginning 
30s 	Agita- Christy's Re- Bannerman's Fromase Hansen's NSP 200 Maxiren 
tion Period sults 	Using Standard 
(s) Bannerman 's 
no agitation Smooth plug of Smooth plug Smooth plug Smooth plug Smooth Spongy plug 
Clot plug, 	leav- 
ing small 
amount 	of 
wall clot  
0 Smooth plug of Smooth plug Smooth plug Thick 	wall Smooth Smooth plug, 
clot clot 	formed, plug, 	leav- leaving 	small 
spongy centre ing small amount of 
setting 	60s amount 	of wall clot 
after wall clot  
30 Smooth plug of Smooth plug Smooth plug Smooth plug Thick 	wall Smooth plug 
clot clot formed, 
spongy cen- 
tre 	setting 
60s after  
60 Clot 	forms Clot 	forms Clot 	forms Clot 	forms Thick 	wall Smooth plug, 
preferentially preferentially preferen- preferentially clot formed, leaving 	small 
on wall of tube on 	test 	tube tially on test on 	test 	tube spongy cen- amount of 
walls tube walls walls tre 	setting wall clot 
60s after  
90 Loose, 	spongy Loose, spongy Loose, Smooth plug Very 	soft Smooth plug 
plug of clot plug - spongy plug  plug  
120 Loose, 	spongy Loose, spongy Smooth, Loose, spongy Very 	soft Loose, spongy 
plug of clot plug - grainy plug plug plug plug 
150 Clot broken on Soft, 	liquidy Soft, liquidy Soft, 	liquidy Soft, liquidy Soft, 	liquidy 
shaking clot - clot clot clot clot 
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Fromase was the new rennet which demonstrated results most similar to those obtained 
using Bannerman's. The other rennets did display the tendency to form loose plugs 
when agitated late in the clotting process and wall clot when agitated earlier in the 
clotting process. However, as noted in Section 5.3.1, even without agitation most of 
the new rennets produced some adherent wall clot. In fact, it appears that for these 
rennets agitation at certain periods reduces the adhesion to the test tube walls. The 
loose, spongy clots produced are suspected to be the result of agitation during the final 
stages of clotting preventing the clot from forming a smooth plug and encouraging the 
release of whey. 
Shifted inversion rate tests 
After the agitation tests had been conducted it was observed that the new rennets were 
not behaving in quite the same way as Bannerman's had and so a simpler agitation 
test was used. The 30 second inversion was shifted initially by 15 seconds so inversions 
occurred at 15, 45, 75 seconds etc rather than 30, 60, 90 seconds etc. The inversion 
in the middle of the "critical zone" for Bannerman's rennet was intended to act as a 
single, basic agitation. The shifted inversion rate clot behaviour was then compared to 
the normal inversion rate clot behaviour. All the tests were performed at 37°C adding 
501 each of the appropriate rennet dilution (5 times in the case of Bannerman's) and 
saturated CaC12 solution to 5m1 of milk. 
When using Bannerman's rennet the shifted inversion rate did not seem to affect the 
ratio of smooth to loose clots produced but it did seem to promote wall clot. Preferential 
wall clotting was also promoted by the shifted inversion rate for tests conducted with 
Fromase and Maxiren. More smooth than loose, spongy clots were produced for NSP 
200, Fromase and Maxiren during the shifted inversion rate tests. It is thought that 
this effect on smooth to loose plug ratio was merely a result of shifting the inversion 
to either side of a critical stage in the final clotting process. The behaviour of clots 
produced using Hansen's Standard seemed unaffected by the shifted inversion. 
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5.3.2 A New Choice of Rennet 
The effects of agitation demonstrated by Christy were successfully reproduced using 
Bannerman's rennet. After normal Lee White tests (i.e. with no agitation) smooth 
plugs of clot, formed using Bannerman's rennet, would shrink away from the test tube 
walls, releasing whey, after about an hour and slide out easily on inversion. Of the new 
rennets this behaviour was demonstrated only by the clots produced using Fromase, 
after a longer time of three hours. The other new rennets appeared to produce clots 
which formed preferentially on the walls without the need for agitation, only releasing 
whey in the cases when spongy clots were produced. Preferential wall clotting only 
occurred after agitation during the 30 second time period beginning at 60 seconds for 
the tests conducted with Bannerman's and Fromase. Clot behaviour for all of the 
new rennets appeared to be influenced by a 30 second agitation period at some point 
through out the clotting process but only Fromase produced results which matched 
the results of Bannerman's. The simple, short agitation produced during the shifted 
inversion rate tests appeared to promote preferential wall clotting for Fromase, Maxiren 
and Bannerman's. 
Under the conditions investigated Fromase demonstrated behaviour most similar to 
Bannerman's rennet and so it was chosen as the new replacement rennet. All of the 
subsequent milk experiments conducted throughout this project used Fromase XL ren-
net6 . 
6 Fromase XL was kindly supplied by Gist-Brocades, Brent House, Brent, Tame Valley Industrial 
Estate, Tamworth, Staffordshire, England. 
Chapter 6 
Experimental Procedure 
This chapter outlines the experimental procedures used in the milk and dye injection 
experiments. Detailed start-up, shut-down, dismantling and cleaning procedures can 
be found in Appendix B. Figure 5.1 shows a schematic diagram of the experimental 
rig used to conduct all of the milk and dye injection experiments. 
6.1 Milk Experiments 
Milk was collected on the day of the experiment in 5 gallon, PVC containers which were 
then stored in a fridge at 4°C until required. Just prior to starting the experiment, 
three containers were placed on a stand each with the lower outlet stopper facing 
upwards. These stoppers were then unscrewed and replaced with PVC taps which were 
connected to the main flow line via a manifold arrangement, as indicated in figure 5.1, 
the containers were then placed upright. The manifold allowed a simple, fast changeover 
between the water and milk and between the individual milk containers themselves. 
Initially the system was run and brought up to temperature with water and then, a few 
minutes before the start of the experiment, the water tank was isolated and the valve to 
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the first milk container opened. Milk was allowed to flow through the system for a few 
minutes to displace all the water and to allow the deaeration to stabilize with milk (this 
could be observed using the ultrasound equipment). Once deaeration was satisfactory, 
video recording commenced and the reagent dosing pumps and stopwatch were started 
simultaneously. As the level in the milk container dropped, it was tipped forward using 
wooden blocks to allow the maximum amount of milk to drain out. When the milk 
container was almost empty the outlet valve was closed quickly so air was not drawn 
into the flow line and the outlet valve to the next container was opened immediately. 
The empty milk container was disconnected from the flow line and any remaining milk 
was poured into the next container. 
Ultrasound footage of the test object was taken from several angles in water and milk 
before and after each experiment. However, the main experiment was viewed from only 
one angle (this varied from experiment to experiment) and the ultrasound probe was 
not moved from this angle in between the initial and final experimental images. This 
ensured that for the duration of the experiment the images were perfectly aligned. 
The experimental run time was approximately 11 minutes as the thickness of wall de-
position from steady flow after this time did not appear to increase. A few experiments 
were conducted for run times in excess of 25 minutes. The majority of the steady flow 
experiments were conducted at 2 1/mm. However, some experiments were also repeated 
at 1.7 and 2.3 1/mm. A flowrate of 2 I/min and pulse rate of 70 bpm was used for all 
of the pulsatile experiments. Fewer pulsatile flow experiments were performed as the 
deposition, even at longer experimental run times, was minimal. One of the primary 
goals of this study was to investigate the applicability of ultrasound and so to some 
extent the choice of flowrates could have been arbitrary. However, the flowrates, al-
though lower than physiological rates, were selected to allow comparison of the results 
with those of Christy and Marosek. Since milk is less viscous than blood, Christy Se-
lected fiowrates in this range to maintain a Reynolds number similar to physiological 
Reynolds numbers. 
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At the end of the experiment the reagent dosing pumps and stopwatch were stopped 
simultaneously but the video recording was allowed to continue for several minutes after 
the end of the experiment in case any pockets of reacting milk remained. Once all of 
the reacting milk had been swept away the milk flow was changed over to water. When 
the water at the outlet ran clear, flow was halted and the test section was dismantled. 
Examples of the photographs taken of the deposition on and around the test object 
within the test chamber can be seen in Chapter 7. 
6.1.1 Assembling the test chamber 
The five test objects used for the experiments were a large fixed disc, an Edinburgh 
valve, a Bjork-Shiley valve, an orifice ring and a smaller disc fixed at an angle of 15° to 
the direction of flow in the orifice ring. These are described in more detail in Section 
5.1.7. 
A clean, dry test object was inserted into the appropriate test chamber (see figure 
4.18b and c for the large fixed disc and for the other test objects, respectively) and the 
centreline aligned with the central imaging plane. For the case of the large fixed disc 
a wooden guide was cut at an angle of 15° to the horizontal to support the disc at the 
correct angle while fixing screws were located through the test chamber walls and into 
edges of the fixed disc. The other test objects were mounted in PVC orifice rings and, 
once aligned correctly, were held in place with wooden doweling while the flat nosed 
fixing screws were tightened. Valves were fixed so they opened in the direction of flow. 
Once the test object was in place the test section was reassembled taking care to 
match-up all the flanges in the same position for each experiment. 
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6.1.2 Reagent reproducibility 
The three reagent variables which could have affected experimental reproducibility in 
the milk experiments were: 
milk composition 
rennet activity 
calcium chloride concentration. 
The possible variation in milk composition and how this may affect the behaviour of 
milk is discussed in Section 3.1.1. Secondly, to minimise loss of rennet activity fresh 
rennet solution (20 times dilution) was made up only the day before the experiment, 
using the concentrated rennet and distilled water, and stored in the fridge overnight 
at 4°C. Thirdly, a large container of calcium chloride solution was maintained at sat-
uration point by the regular addition of fresh calcium chloride crystals. However, to 
confirm reagent reproducibility a few basic tests were conducted at the start of each 
experimental day. The pH of the rennet solution and milk were measured at 37°C and 
ambient temperature using a "Philips PW9421" pH meter and three Lee-White tests 
were conducted to ensure uniformity of clotting time at the experimental temperature, 
37°C. 
6.2 Dye Injection Experiments 
After the completion of the milk experiments it was decided that dye injection experi-
ments would be a useful tool to give some insight into the fluid flow patterns responsible 
for the formation of the observed clot structures. This study was performed by Kenny 
Elder a fourth year student conducting an undergraduate project. 
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The system used was the same as for the milk experiments with a few minor modifica-
tions: 
. a new Perspex test chamber was fabricated, with the same dimensions as the other 
two test chambers, however, without the fiat surfaces required for ultrasound 
imaging. 
• the rubber bung containing the CaC12 injection point was replaced with a solid 
bung 
• the rennet injection point was connected to a small syringe which was used to 
inject a small pulse of dye into the flow. 
Four of the five test objects used in the milk experiments (namely, the large fixed disc, 
small fixed disc in orifice ring, plain orifice ring and Edinburgh valve) were investigated. 
Experiments were conducted with water, rather than milk, at flowrates of 2 and 2.6 
I/min in steady and pulsatile flow with a pulsatile frequency of 70 bpm. It was not 
possible to study flowrates less than 2 I/min as this was at the lower end of the pump 
operating range. The slightly higher flowrate (2.6 1/mm) was selected to determine 
whether or not flowrate noticeably affected the flow structures and residence times. 
Once the system had reached a steady state temperature of 37°C, at the appropri-
ate flowrate, video recording commenced and a short burst of concentrated potassium 
permangenate solution (lml) was injected into the flow as quickly as possible. Each 
experiment was repeated four times and video footage was taken from two different 
angles. The video footage from each experiment was then played back and analysed 
by eye noting any distinct structures in the flow, the time for the bulk of the dye to 
pass the test object and the residence time of any trapped vortices. An audible noise, 
made at the time of the dye injection, was used to estimate the residence time of the 
dye between injection point and test object from the video footage. 
Chapter 7 
Results and Discussion 
Using ultrasound Marosek studied continuously and non-invasively the deposition of 
milk around four, simple test bodies of revolution[3]. Marosek found that large numbers 
of bubbles in the milk flow reduced the quality of the ultrasound images considerably, 
however, he was unable to achieve a satisfactory level of deaeration. The other problems 
encountered by Marosek were difficulty imaging surfaces oblique to the ultrasound 
beam and deposition on the far side of the test objects. The aims of this project were 
to observe milk deposition, using ultrasound, around test objects of a more complex 
geometry and to overcome some of the difficulties encountered by Marosek. 
A new deaeration system was developed which reduced the number of bubbles present 
in the flow considerably and greatly improved the quality of the ultrasound images. 
Full details of the development of this system can be found in section 5.2. 
Difficulty in imaging surfaces at an angle to the ultrasound beam is a problem inherent 
to ultrasonic imaging itself[126]. However, it was found that surfaces at angles similar 
to the opening angles of monoleaflet, artificial heart valves could be clearly depicted 
by ultrasound (see Section 4.2.3). Thus, since the ultimate goal of this technique is 
to study clotting around artificial heart valves, deposition around monoleaflet heart 
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valves and heart valve models was investigated (see Section 5.1.7) rather than altering 
the ultrasound technique to study test bodies of revolution further. 
The axial and lateral resolution of the ultrasound instrumentation was quoted by the 
manufacturers as 0.31 mm and 1 mm respectively. This means that two surfaces either 
0.31 mm apart axially or 1 mm apart laterally will appear as a single surface in the 
ultrasound image. The consequence of this is that clot layers of thickness less than 0.31 
mm axially or 1 mm laterally will be indistinguishable from the surfaces on which they 
are depositing. Measurements of ultrasonically detectable axial milk clot thicknesses 
were found to be accurate to 0.26 mm. 
A computer equipped with a video card and video capture software was used to acquire 
digital still images from the ultrasonic footage of the experiments stored on video tape. 
For each experiment a single image before and after was captured from each angle 
recorded and for the main experimental angle an image was captured every thirty 
seconds for the duration of the experiment. To determine if deposition continued after 
the end of the experiment images were captured every 30 seconds for one or two minutes 
after the dosing pumps had stopped. The time of each recorded image was displayed as 
a time stamp on the image. Detection of the surface of the wall clot and measurement 
of its thickness was performed by software developed by Cohn Higgs'. A description 
of this software is given in Appendix C and the source code is available on request. 
A visual interface to the software allowed the user to select appropriate threshold 
values for the detection of both the wall and the clot. Once suitable threshold values 
were chosen the software's detection of the wall clot surface matched the user defined 
location of the clot surface. After a short time using the visual interface a large amount 
of this work could be automated. The clot detection software took wall clot thickness 
measurements every 0.2 mm along the wall region in the ultrasonic images and the data 
was exported to a spreadsheet. Milk clot is weakly reflecting and ultrasonic images of 
continuous clot can often appear slightly disjointed. Whilst the human eye can often 
'Division of Engineering, Edinburgh University 
CHAPTER 7. RESULTS AND DISCUSSION 	 149 
detect poorly reflecting surface locations, only highly developed software can perform 
such tasks. To compensate for the inability of the software to detect continuous clot 
thickness measurements from discontinuous clot images, gaps in the data over wall 
lengths of less than 1 mm were filled in using linear interpolation. Data smoothing was 
also performed by averaging the data over 1 mm either side of each data point. The 
values of the gap size for linear interpolation and data smoothing were not greater than 
the lateral resolution. Clot structures attached to the valve itself were too complex to 
be measured by the software and were dealt with manually. 
The range of experimental conditions investigated can be seen in table 7.1. Few pulsatile 
flow experiments were conducted as the thickness of deposition on and around the test 
object was too thin to be detected by ultrasound. Thus, for pulsatile flow the results 
are limited to qualitative observations. 
The milk technique mimics the final stages of blood clotting, presupposing there is 
already a significant amount of fibrin present. Materials and shear induced initiation 
of the cascade are not represented in this test. 
The milk system used in this study is a precursor to the final valve testing technique, 
part of the development of the technique, and is not comparable to clinical valve testing. 
Therefore, the results for the valves and valve models tested have not been compared 
to clinical results 2 . In vivo, valves which lead to a large degree of clotting on the valve 
itself do not often result in clot on the chamber wall or aorta, despite the activation of 
blood elements. This may be due more to active mechanisms to maintain haemostasis 
(e.g. the intact endothelial wall repels platelet adhesion). Wall clotting, although rarely 
seen clinically, is discussed in the chapter. Flow at the wall is well defined and this can 
be used as a method of understanding flow-related deposition even though prosthesis 
related wall thrombus does not occur clinically. 
In the following chapter comparison is made between the visual and ultrasonic obser- 
2 As yet no clinical data is available for the Edinburgh valve 
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Test object Flow Flowrate Viewing Approximate 
(1/mm) position run time (mm) 
large fixed disc steady 1. 7, 2.0 and 1 11 
2.3  
large fixed disc pulsatile 2.0 1 11 
large fixed disc steady 2.0 1, 	5, 	2, 	6 11 
and 8  
large fixed disc steady 2.0 4 30 
Edinburgh steady 1.7, 2.0 and 1 11 
valve  2.3  
Edinburgh pulsatile 2.0 1 11 and 25 
valve 
Edinburgh steady 2.0 1 to 8 11 
valve 
Bjork-Shiley steady 1 	2.0 1 11 
valve 
Bjork-Shiley pulsatile 2.0 1 25 
valve 
small fixed disc steady 2.0 1 11 
in orifice ring  
orifice ring steady 2.0 1 11 
Table 7.1: Details of the range of experimental conditions for the milk experiments 
conducted. 
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vations of the final clot structures around each test object. The variation in the rate of 
wall clot deposition with position around each test object, measured using ultrasound, 
is reported and the effect of fluid dynamics on the observed deposition patterns is dis-
cussed. A mechanism for the growth of a particular clot structure is proposed and the 
results using the Bjork-Shiley valve are compared with previous results[2]. Finally, the 
effect of test object material on the quality of the ultrasound image is considered. 
7.1 Ultrasonic observation of clot development in steady 
flow 
7.1.1 Ultrasonic observations and their comparison with photographs 
Since the new test objects did not have axial symmetry it follows that neither did the 
resulting clot structures which formed around the test objects. The position of the 
ultrasound probe was held constant for the duration of each experiment allowing con-
tinuous two dimensional study of deposition throughout the course of an experiment for 
the particular viewing position under observation. To obtain a more three dimensional 
picture of the undisturbed clot structure, however, ultrasound images were taken from 
as many of the viewing angles as possible once the flow was changed from milk to water 
and before the clotted system was dismantled. This allowed a qualitative comparison 
between the final ultrasound images and the clot structures observed on dismantling, 
and thus assisted in interpretation of the ultrasound images allowing determination 
of how different clot structures appear in the images. Figures 7.1 and 7.2 compare 
photographs and some of the ultrasound images of the final clot structures around the 
large fixed disc and the small fixed disc in an orifice ring respectively. For simplicity, 
only photographs of the downstream face of the test objects have been shown in these 
figures. 
The top of each of the ultrasound images shown in figures 7.1 and 7.2 corresponds to the 
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Figure 7.1: The final clot structures around the large fixed disc under steady flow 
conditions (2.3 1/mm, run time 11 minutes). a) Photograph of downstream side of the 
disc b) annotated photograph, c)-f) ultrasound images of final clot in water just prior 




















Wall of position 5 
View from poSitIon 4 
e) 
Wall Cl pocitlor 
Direction of flow 
VreW 11.11 oosUron8 
V4LI at poSitron 4 
Wall at position 8 
CHAPTER 7. RESULTS AND DISCUSSION 
	
153 
Figure 7.2: The final clot structures around the small fixed disc under steady flow 
conditions (2 1/mm, run time 11 minutes). a) Photograph of downstream side of the 
disc b) annotated photograph, c)-f) ultrasound images of final clot in water just prior 
to dismantling viewed from positions 1, 5, 4 and 8 respectively. 
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position of the ultrasound probe, held parallel with the flow. Each image shows a radial 
cross-section of the test chamber. Images from four viewing positions are shown, cor-
responding to each end of two imaging planes indicated in the annotated photographs. 
Since the ultrasound probe cannot receive signals while it is still transmitting, struc-
tures in the region immediately adjacent to the probe cannot be detected (i.e. the dead 
zone). There is also a region at the top of each image obscured by reverberation due to 
internal reflections within the Perspex test chamber wall nearest the probe. Deposition 
on the wall opposite the probe (indicated for each view) and any deposition on the disc 
can be seen. The plane between positions 1 and 5 is perpendicular to the disc face and 
crosses the widest point of the two flow areas created by the sloping disc. The plane 
between positions 4 and 8 is at an angle to the disc face and passes through the two 
flow areas at points closer to the disc. Since the fixed discs are mounted at their widest 
points this plane still passes across the centreline of each disc, in the direction of flow. 
Figure 7.1c shows the deposition along the wall at position 5 seen from viewing position 
1 for the large fixed disc. The upstream wall clot is of a uniform thickness until it is 
adjacent to the upstream extremity of the disc, at which point there is a slight dip 
in thickness. Wall clot underneath the disc continues to decrease in thickness as the 
distance between the test chamber wall and the sloping disc decreases (corresponding 
to decreasing flow area), reaching a minimum at the point adjacent to the downstream 
extremity of the disc. Figure 7.1d shows the deposition on the opposite side of the 
test chamber. The trend is similar: a uniform wall clot upstream of the test object 
(although thinner than its counterpart on the opposite side of the chamber) which dips 
slightly at the point adjacent to the upstream edge of the disc and deposition on the 
far side of the disc increases in thickness as the distance between the test chamber wall 
and the sloping disc increases. The surface of the clot on the far side of the disc is, 
in both cases, almost parallel to the surface of the disc. Downstream of the disc, in 
figure 7.1d, the wall clot increases in thickness to form a ramp of clot. This structure 
corresponds to the point where the two thick clot ridges indicated in figure 7.1b meet, 
sharply increasing the wall clot thickness in the downstream direction. Although not 
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visible in the photographs, the deposition along the wall at position 5, downstream 
of the disc, was much thinner than its counterpart on the opposite wall of the test 
chamber, as can be seen in the ultrasound images. Figures 7.1e and f show opposite 
sides of another plane across the test chamber. The upstream wall clot at positions 4 
and 8 are similar in thickness. Little wall deposition can be seen under the disc along 
the wall at position 8 and the small amount of deposition underneath the disc along the 
wall at position 4 is obscured by a ghost image. The thick ramp of clot downstream 
of the disc, visible in figure 7.1e, corresponds to a cross-section through one of the 
thick clot ridges (adjacent to position 8) indicated in figure 7.1b. There was no wall 
deposition observed downstream of the test object at position 4 and this corresponds 
to a characteristic region of extremely thin, translucent clot discussed in Section 7.2. 
There was little deposition on the disc along its axial centreline, in the direction of 
flow, apart from a small clot structure on the downstream edge of the disc. This was 
detected by ultrasound from position 4 and is indicated in figure 7.1e. 
Figure 7.2 shows the deposition around the small fixed disc mounted in an orifice ring. 
The deposition downstream of the disc completely obscures the orifice ring in figure 
7.2a. Unlike the large fixed disc, the thickness of the wall clot upstream of the small 
fixed disc (figures 7.2c-f) is similar for each of the positions shown. It is most likely that 
this was due to the orifice ring increasing the thickness of the boundary layer reducing 
the effects of the interaction between the disc and the boundary layer at the wall, effects 
which may propagate back upstream. Wall clot on the far side of the disc is difficult 
to see in any of the ultrasound images due to artefacts caused by the orifice ring. As 
for the large fixed disc, the wall clot forms a ramp downstream of the small fixed disc 
along the test chamber wall at position 1, corresponding to the point where the two 
thick clot ridges meet downstream of the test object. The extremely thick downstream 
clot in figure 7.2e shows a cross-section through the thick clot ridge adjacent to position 
8 indicated in figure 7.2b. No deposition can be seen downstream of the test objects 
from viewing positions 1 and 8 corresponding to regions of very thin, translucent wall 
clot. 
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It can be seen in figures 7.8, 7.9, 7.10 and 7.11 that thick clot ridges around the 
downstream face of the test objects and regions of translucent wall clot upstream and 
downstream of the test object are characteristic clot patterns for each of the valves and 
valve models. For the objects studied at different fiowrates the extent of deposition 
tended to decrease with increasing fiowrate. These features are discussed in more 
detail in Sections 7.2 and 7.3. Wall deposition on the far side of the test object was 
visible only through the large fixed disc, this is discussed further in Section 7.6. 
Thicker deposition tended to occur towards the sides of the leaflet or disc faces rather 
than along the centreline of the test objects. Off-centre clot on the faces of the sym-
metrically mounted fixed discs was not detected by ultrasound, since the imaging plane 
passes through the centreline of the disc from every viewing position. The leaflet of the 
Edinburgh valve, however, is mounted off-centre so the plane between positions 4 and 
8, for example, will pass through the leaflet towards the side of the face. Figure 7.3 
shows the final clotting around the Edinburgh valve, viewed throughout the experiment 
from position 8. The thick layer of deposition on the downstream face of the leaflet 
seen in figure 7.3b is also visible in the ultrasound image (figure 7.3c). 
The clot structures observed around the Edinburgh valve shown in figure 7.3 are slightly 
different from the more typical, symmetrical clot ridges mentioned earlier. In this 
experiment the Edinburgh valve did not open fully (possibly due to a small piece of 
debris restricting the motion of the leaflet about its pivots). Clot ridges did form about 
the downstream face of the valve leaflet but they were not positioned symmetrically 
about the centreline of the leaflet face. A thick strand of clot (diameter approximately 3 
mm) can be seen emanating from the clot on the downstream face of the leaflet, towards 
the trailing edge. In figure 7.3b this strand appears attached to the test chamber wall 
at a point downstream of the valve. The few bubbles which remained after deaeration 
proved a useful indicator of the direction of flow when watching the course of this 
experiment on the ultrasound monitor. It could be seen from the ultrasound footage of 
the experiment that the region between the downstream face of the valve and the test 
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chamber wall was an area of stasis and recirculation (even more so than usual). The flow 
passing through the larger orifice on the other side of the leaflet appeared faster and less 
disturbed. The thick clot strand first appeared trailing from the downstream edge of 
the leaflet after almost 3 minutes from the start of the experiment, separating the region 
of fast moving flow from the region of recirculation. The reflection was weak to begin 
with and the flexible clot moved in and out of shot. After the clot strand appeared, the 
flow next to the downstream face became more sluggish and the thick clot on the leaflet 
face started to appear. This deposit first appeared at approximately its maximum final 
thickness with the image increasing in intensity rather than thickness. The weakly 
reflecting clot appeared slightly flexible, moving in the flow. As the intensity of the 
reflection from the clot increased it moved less and the clot strand began to remain in 
shot for longer after about 5.5 minutes from the start of the experiment. The intensity 
of the reflection of the clot strand also increased with time reaching a maximum (by eye) 
at approximately 5 minutes after its first appearance. In figure 7.3b the clot strand is 
attached to the test chamber wall, however, during the experiment, the strand appeared 
to move freely, parallel with the flow (see figure 7.3c). Approximately 30 to 40 seconds 
after the CaCl2 and rennet injection pumps were stopped the strand was observed to 
curve backwards towards the test chamber wall adjacent to the downstream face of 
the disc. It is possible that as non-reacting milk began to displace the more viscous 
reacting milk in the test chamber the velocity through the larger valve orifice would 
have increased slightly, sweeping the clot strand towards the test chamber wall at 
which point it became attached. However, it is thought to be more likely that a small 
movement of the valve leaflet, perhaps caused by a knock to the test section, could have 
destabilised the flow around the clot strand, forcing it back towards the test chamber 
wall. It is likely that a small, fast valve leaflet movement would not be detected if the 
motion was faster than the frame rate of the ultrasound equipment (one twenty-fifth 
of a second). 
It was not possible to photograph all of the clot features observed using the ultrasound 
equipment, because they were either a temporary phenomenon which occurred during 
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Figure 7.3: Unusual clot feature around Edinburgh Valve, flowrate of 2 1/mm. a) 
Photograph, b) annotated photograph and c) annotated ultrasound image. 
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the experiment or the delicate structures collapsed on dismantling. One recurring 
phenomenon which was only observed ultrasonically was the appearance of long, thin 
layers of brightly reflecting clot, carried by the flow, 7 seconds after the injection pumps 
were stopped. This time was equal to the residence time, measured by dye injection, 
between the injection points and the test chamber. These thin layers of clot usually 
passed freely though the test chamber, near the surface of the wall clot, without visibly 
impinging on the test object. Another clot structure which was observed, on occasion, 
on the large fixed disc and the Edinburgh valve was a thin layer of clot, of varying length, 
attached to the downstream edge of the disc or leaflet. This thin "beard" of clot was 
observed ultrasonically but did not survive dismantling. However, this structure was 
visible when the system was allowed to run with water, after the end of the experiment, 
due to the regions of translucent wall clot creating a window in the thicker, opaque wall 
clot. 
Two equally possible explanations for this phenomenon are either that the thin layer 
of clot was an extension of the deposition which formed on the downstream face of 
the test object occiuder or that the thin layer formed in the wake of the leaflet. Dye 
injection experiments demonstrated that there were regions of stasis in the wake of 
both the large fixed disc and the Edinburgh valve during steady flow with residence 
times of approximately 17 and 12 seconds respectively. Lewis's milk experiments[47] 
which repeated Hiadovec's net experiments[65] demonstrate that milk deposition can 
form in very small regions of stasis. The region of stasis formed in the wake of the test 
object occluder is large enough to promote clotting. In these cases deposition on the 
occluder face itself was not observed by ultrasound, suggesting that this clot structure 
did indeed form in the wake of the occiuder. However, a very thin layer of deposition, 
whilst visible in the flow downstream of the occluder, may be indistinguishable from 
the occluder surface due to the axial resolution of the ultrasound equipment. 
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7.1.2 Ultrasonic observation of the rate of deposition 
The test objects used by Marosek[3] were bodies of revolution and he found that the 
rate at which wall clot (upstream of the test body) increased in thickness was similar 
for each object tested. Marosek found that in steady flow there was an initial lag of 
approximately 2 minutes before wall clot was apparent followed by a period in which 
clot begins to grow rapidly at a rate of 1 mm/min slowing to 0.1 mm/min after about 
2 minutes. In pulsatile flow, he first observed wall clot after approximately 4 to 5 
minutes and the subsequent increase in thickness was constant at a rate of 0.1 mm/mill. 
However, as mentioned previously, the test objects used in this study were of a more 
complex geometry and the lag phases and observed rates of deposition varied with 
position relative to the test object. Table 7.2 shows, for a point just upstream of the 
test object, a sample of the lag phase duration, initial and final wall clot thicknesses 
observed, initial wall clot growth rate and the change to any subsequent rate for each 
test object, flowrate and viewing position investigated. In table 7.2 the viewing angle 
refers to the position of the ultrasound probe throughout the experiment and the results 
for the growth of clot refer to wall clot on the opposite wall to the probe. Regardless of 
viewing angle clot thicknesses were measured at a point upstream of the valve leaflets' 
or fixed discs' upstream extremity. Where possible this distance was 0.2 mm, however, 
in the cases of no clot or clotting obscured by artefacts another point was chosen. The 
lag phase before clot was observed and the initial clot thickness at this point are given. 
The initial and subsequent rates refer to the increase in wall clot thickness, at the 
given point, with time. In some cases the initial rate remained constant throughout 
the experiment; however, on other occasions it changed to the "subsequent" rate. The 
experimental run time was approximately 11 minutes for most of the experiments, 
however, for the longer experiments the "final" clot thickness is given at 11 minutes 
and the final run time. Full data tables of the time course of deposition can be found 
in Appendix D. 
Figures 7.4, 7.5, 7.6 and 7.7 show the final wall clot profiles and the change in wall clot 






















































Fixed disc 1.7 1 0.2 3.51 4.67 4.97 @10.99 0 - 
Fixed disc 2.3 1 0.2 3.01 2.64 5.08 @11.00 1.4 0.1 
Fixed disc 2.0 1 0.2 4.02 5.33 6.37 @11.01 0.2 - 
Fixed disc 2.0 2 5.0 5.01 3.43 4.62 @11.00 0.6 0 
Fixed disc 2.0 4 5.0 5.01 1.54 2.30 @10.51 
2.94 @30.01  
0.1 - 
Fixed disc 2.0 5 37 3.99 0.80 1.40 @11.00 0.1 - 
Fixed disc 2.0 6 5.0 5.01 1.34 2.99 @11.00 1.2 0 
Fixed disc 2.0 8 5.0 6.01 3.22 4.83 @11.01 2.2 0.1 
Edinburgh Valve 1.7 1 5.0 3.00 10.05 10.52 
@11.01  
0.1 - 
Edinburgh Valve 2.3 1 0.2 202 0.85 4.42 @11.01 1.4 0.1 
Edinburgh Valve 2.0 1 4.8 2.51 1.22 4.90 @11.01 1.9 0.1 
Edinburgh Valve 2.0 2 0.2 4.01 1.36 3.73 @10.99 0.8 -0.1 
Edinburgh Valve 2.0 3 6.5 402 2.92 3.88 @11.01 0.9 -0.1 
Edinburgh Valve 2.0 4 0.2 4.51 2.80 4.38 @11.01 1.7 0 
Edinburgh Valve 20 5 4.8 3.02 3.85 6.12 @11.01 2.4 0 
Edinburgh Valve 2.0 6 1.2  5.02 1.73 2.62 011.01 0.9 -0.1 
Edinburgh Valve 2.0 7 0.2  5.54 4.06 4.00 @11.01 0 - 
Edinburgh Valve 2.0 8 0.2  6.51 2.76 2.76 011.01 0 - 
Bjork-Shiley Valve 2.0 1 0.2  5.52 2.72 2.780 11.00 0 - 
Small fixed disc 2.0 1 2.5  5.51 3.44 3.89 @11.01 0.1 - 
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thickness with time viewed by ultrasound from position 1 across the axial centreline 
of the test chamber for the large and small fixed discs and the Edinburgh and Bjork-
Shiley valves respectively. The first graph in each figure shows the final wall clot 
profile along the test chamber wall at position 5 (opposite viewing position 1) at the 
end of the experiment. The axial centreline of the test chamber is indicated and the 
x—axis corresponds to the test chamber wall opposite the ultrasound probe. The 
direction of flow is from left to right. The upstream and downstream extremities 
of each test object occluder are marked. It should be noted that for each test object 
viewed from this position the occluder slopes towards the test chamber wall depicted 
by the x—axis in the direction of flow. Thus the downstream extremity will be closer 
to the x—axis than the upstream extremity. The second graph in each figure shows 
the change in wall clot thickness with time at two positions upstream of the valve or 
disc and, for the large fixed disc and Edinburgh valve only, two positions downstream 
of the valve or disc. It was not possible to view deposition downstream of the Bjork-
Shiley valve due to artefacts (discussed in Section 7.6) and the deposition downstream 
of the small fixed disc along the wall at position 5 was too thin to be detected by the 
ultrasound equipment. Artefacts which appeared upstream of the small fixed disc and 
the Bjork-Shiley valve permitted reliable upstream measurements of initial wall clot 
deposition no closer than 2.5 mm upstream of the disc/occluder's upstream extremity. 
However, once the wall clot thickness had increased beyond the height of the ghost 
image, measurements were possible (these have been included in the final wall clot 
thickness measurements). 
The general trend for all of the test objects, which can be seen in figures 7.4 to 7.7, 
is that wall clot thickness decreases at the positions adjacent to the test object. The 
exception to this trend is the wall clot downstream of the Edinburgh valve seen in the 
second graph of figure 7.6. The wall clot 0.2 mm downstream of the valve leaflet's 
downstream tip is similar in thickness, throughout the course of the experiment, to 
the wall clot 10 mm downstream of the leaflet tip. For the large fixed disc, Edinburgh 
valve and small fixed disc the final wall clot thickness upstream of the test object was 
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greater than the wall clot thickness downstream of the test object. The most likely 
reason for this is that the boundary layer, along the test chamber wall, upstream of 
the test object, will be well developed by the time it reaches the test object. After the 
disruption to the flow caused by the test object the boundary layer will take several 
tube diameters downstream of the test object to re-establish itself. Thus, the boundary 
layer downstream of the test object will be much thinner than its upstream counterpart. 
This effect should be less pronounced for the objects mounted in orifice rings since the 
orifice ring will provide a region of stasis in its wake, effectively increasing the thickness 
of the boundary layer. Indeed, the difference in thickness between the upstream wall 
clot and the downstream wall clot is greater for the large fixed disc, mounted directly 
into the test chamber, than it is for the Edinburgh valve, mounted in an orifice ring (see 
figures 7.4 and 7.6 respectively). However, this was not the case for the small fixed disc 
which was also mounted in an orifice ring. The wall clot downstream of the small fixed 
disc in this position was too thin to be detected by ultrasound. One possible reason for 
this is that the acceleration at this point may have been greater for the small fixed disc 
than for the Edinburgh valve. The orifices either side of the symmetrically mounted 
small disc were equal in size, both smaller than the large orifice in the Edinburgh valve. 
As the distance between the disc and the test chamber wall, at position 5, decreased 
in size the flow would be forced to accelerate. This effect would be more pronounced 
for the small disc than for the Edinburgh valve due to the smaller orifice area of the 
former. 
The second graphs in figures 7.4 to 7.7 show how both the initial lag time, before the 
first appearance of clot, and rate of deposition varies with test object and position 
along the wall at position 5 for a constant flowrate. For the large fixed disc, the wall 
clot first appeared at almost its maximum thickness after an initial lag phase of 3.5 
to 4 minutes, the subsequent rate of deposition was approximately 0.2 mm/mm. For 
the Edinburgh valve, deposition first appeared at a much lower thickness than the final 
layer of deposition (in three of the four positions noted) after only 2 to 2.5 minutes. 
The initial rate of deposition was fast at approximately 2 mm/min for the first two 
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minutes, slowing to a rate of 0.1 mm/min thereafter. Deposition 0.2 mm upstream of 
the leaflet tip first appeared at its maximum thickness 3.5 minutes after the start of the 
experiment. For this position the initial layers of deposition were obscured by a small 
artefact, however, since the deposition was visible after only 3.5 minutes this position 
was still included in the graph. 
Table 7.2 shows the variation in the first appearance of deposition, the initial clot 
thickness and the rate of deposition with test object, flowrate and position relative to 
the test object. Initial lag phases range from 2 to 6.5 minutes, initial clot thicknesses 
vary from 0.9 to 10 mm and the initial and subsequent deposition rates range from 0 
to 2.4 mm/mm and -0.1 to 0.1 mm/min respectively. The Edinburgh valve and the 
large fixed disc were tested at three flowrates: 1.7, 2.0 and 2.3 1/mm. For the large 
fixed disc the initial lag period for deposition along the test chamber wall at position 
5 (the widest point of the lower flow channel) increased as flowrate decreased. For the 
Edinburgh valve the initial lag was similar at all of the flowrates for wall clot along 
the wall at position 5. For all of the test objects, however, the lag period before the 
first appearance of upstream wall clot increased with proximity to the test object. The 
following points were true for the wail clot at position 5 for both the Edinburgh valve 
and the large fixed disc: 
the final extent of upstream deposition increased in thickness with decreasing 
flowrate, 
the wall clot thickness downstream of the test object was always thinner than the 
upstream wall clot, regardless of flowrate, 
the downstream wall clot at 2.3 I/min was similar in thickness to the clot at 2.0 
I/min but was noticeably thinner at 1.7 1/mm. 
The fact that deposition upstream of the large fixed disc, at 2 1/mm, first appears at a 
thickness of 5.3 mm 3.5 minutes after the start of the experiment, raises the doubt that 
perhaps the ultrasound technique could not detect the clot until it had reached almost 
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its maximum thickness. However, consideration of the second graph in figure 7.4 and 
table 7.2 shows that the ultrasound equipment was capable of detecting wall clot at 
an initial thickness of as little as 0.9 mm and that longer lag times do not necessarily 
imply very thick wall clot at its first appearance. For example, the wall clot downstream 
of the large fixed disc is much thinner than the upstream clot but appears after the 
same initial lag period. The lowest observed value of subsequent deposition rate was 
-0.1 mm/mm, implying a decrease in wall clot thickness. Since the wall clot surface 
remained undisturbed throughout the experiment, it is possible that the decrease in 
wall clot thickness results from clot contraction caused by crosslinking between casein 
micelles within the clot. 
7.2 Visual observations of final clot structures 
7.2.1 Steady Flow 
Figures 7.8 to 7.11 show typical examples of the final deposition upstream and down-
stream of the two sizes of fixed disc and two heart valves studied. Although experiments 
were conducted at different fiowrates there were distinctive clot structures that each 
of the test objects had in common. For the large fixed disc and the Edinburgh valve 
the extent of deposition, rather than the type of clot structure, changed with flowrate 
(extent of deposition decreasing with increasing fiowrate). 
Deposition around the downstream faces of the test objects tended to form into clot 
ridges attached to either side of the disc or leaflet face and the test chamber wall 
(figures 7.8d, 7.9d, 7.10d and 7.11d). These ridges would continue downstream of the 
test objects as regions of much thicker wall clot, reducing the cross-sectional area of 
the flow channel on that side of the occluder. Sometimes the ridges would join together 
downstream of the test object, forming a thick central ridge of wall clot. Milk clot 
on the upstream face of the disc or leaflet tended to be deposited around the sides 
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Figure 7.4: Upper graph displays the final wall clot profile for the large fixed disc with 
the centreline of the test chamber and the upstream and downstream extremities of the 
disc indicated. Lower graph shows the change in wall clot thickness with time for two 
positions upstream (u/s) and two position downstream (d/s) of the large fixed disc. 
Flowrate was 2 I/min and deposition viewed from position 1 
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Figure 7.5: Upper graph displays the final wall clot profile for the small fixed disc with 
the centreline of the test chamber and the upstream and downstream extremities of the 
disc indicated. Lower graph shows the change in wall clot thickness with time for two 
positions upstream (u/s) of the small fixed disc. Flowrate was 2 I/min and deposition 
viewed from position 1 
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Figure 7.6: Upper graph displays the final wall clot profile for the Edinburgh valve 
with the centreline of the test chamber and the upstream and downstream extremities 
of the leaflet indicated. Lower graph shows the change in wall clot thickness with time 
for two positions upstream (u/s) and two position downstream (d/s) of the Edinburgh 
valve. Flowrate was 2 I/min and deposition viewed from position 1 
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Figure 7.7: Upper graph displays the final wall clot profile for the Bjork-Shiley valve 
with the centreline of the test chamber and the upstream and downstream extremities 
of the leaflet indicated. Lower graph shows the change in wall clot thickness with time 
for two positions upstream (u/s) of the Bjork-Shiley valve. Flowrate was 2 I/min and 
deposition viewed from position 1 
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of the face at the point where the occiuder came into contact with the test chamber 
wall or mounting ring (figures 7.8a, 7.9c, 7.10c and 7.11c). These regions of deposition 
usually continued right around the leaflet, either merging with the clot ridges on the 
downstream face or attaching to the test chamber wall. There was usually very little 
deposition on the faces of the disc or leaflet along the centreline in the direction of flow, 
with more occurring on the downstream rather than the upstream face. 
Another distinctive feature was regions of very thin, translucent wall clot upstream and 
downstream of the test objects. As can be seen in figure 7.12a, for the large fixed disc, 
a region of thinner, translucent wall clot cut through the thicker wall clot around the 
mounting pin and continued downstream adjacent with the edge of the disc, gradually 
increasing in thickness to match the thicker wall clot downstream. This feature was 
symmetrical, occurring around both mounting pins. The transition from the thick wall 
clot upstream of this feature to the region of extremely thin clot was abrupt (figure 
7.8c) rather than the gradual change in thickness seen downstream of the mounting 
pins. Figure 7.10c shows a region of upstream translucent clot typical for all of the 
test objects mounted in orifice rings. These regions were adjacent to the orifice ring, 
approximately 5 mm wide in the direction of flow, and followed the curve of the test 
chamber wall. Again, this feature was symmetrical and the thick wall clot, upstream 
of it, ended abruptly. The position of the regions of translucent clot downstream of the 
orifice ring, for test objects mounted by this means, varied, but they often appeared in 
the wall clot adjacent to the edges of the disc or leaflet (figures 7.9d, 7.11 and 7.13a). 
Unlike the upstream regions of extremely thin clot these regions gradually increased in 
thickness in all directions, blending into the surrounding, often already thin, wall clot. 
A separate experiment was performed with just the orifice ring present under steady 
flow to determine whether or not it was the cause of the distinctive upstream clot 
regions. Photographs of the deposition around the plain orifice ring have not been 
included since it merely consisted of uniform wall clot, upstream and downstream, at 
the height of the orifice ring. No regions of extremely thin, translucent wall clot were 
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observed in this experiment. 
The thick wall clot seen in steady flow was spongy in appearance but the translucent 
wall clot and clot which formed around the occluder appeared to have a smoother, 
more dense texture. It was noted, when washing the test chambers with a jet of water, 
that the regions of extremely thin translucent clot were more adherent than the thicker, 
more uniform wall clot. 
7.2.2 Pulsatile Flow 
Deposition around the test objects under pulsatile flow was much less than under steady 
flow (less than approximately 1 mm) and could not be detected by ultrasound. The 
regions of translucent wall clot in the vicinity of the moving valves (figure 7.13b) were 
larger and more numerous than those in steady flow. However, figure 7.12 shows that 
for the large fixed disc the region of translucent wall clot around the mounting pin 
resulting from pulsatile flow was much smaller than the well developed swirl observed 
in steady flow. In figure 7.12b it is just possible to see concentric rings of translucent 
wall clot propagating back upstream. After the experiment it was found that, on the 
side that this feature was most prominent, there was a slight gap between the fixed 
disc and the test chamber wall, exposing the mounting pin. A very interesting feature 
resulting from pulsatile flow was the wall clot downstream of the large fixed disc along 
the test chamber wall around position 1. This wall clot, shown in figure 7.14, although 
dense was not smooth in appearance like the normal wall clot found in pulsatile flow 
but rippled, similar to the ripples seen in sand at the beach as the tide goes out. 
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Figure 7.10: Photographs of the deposition around the Edinburgh valve. Flowrate 2.3 
1/mm. a) View of the upstream side of valve, b) view of the downstream side of valve, 
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Figure 7.11: Photographs of the deposition around the Bjork-Shiley valve. Flowrate 
2 1/mm. a) View of the upstream side of valve, b) view of the downstream side of 
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Figure 7.12: a) Characteristic swirl of thinner wall clot in the region of the pins for the 
large fixed disc in steady flow, 2.3 1/min b) Regions of extremely thin wall clot around 
large fixed disc in pulsatile flow, 2 1/mm. 
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Figure 7.14: Rippled wall clot downstream of the fixed disc in pulsatile flow, 2 1/mm. 
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7.3 The effect of flow conditions and patterns on clot de-
velopment 
7.3.1 The effect of flow on the extent of deposition 
Both the residence time of the milk and the associated shear stress will affect the extent 
of deposition at a particular location. Reducing the residence time of the reacting milk 
in a region reduces the likelihood that the milk will reach the point of coagulation in that 
region. As shear stress at a clot surface increases, more bonds in the forming gel will be 
broken, reducing the extent of deposition. Since the test bodies used by Marosek were of 
simple, axisymmetric geometry, the flow patterns around them were also axisymmetric. 
The geometries of the heart valves and models used in this study, on the other hand, 
were not axisymmetric and neither were the flow patterns around them. Mechanical 
heart valves produce complex flow patterns made up of jets, regions of flow separation 
and stagnation and turbulent wakes in vitro [127, 128, 129, 130]. However, although the 
steady and pulsatile flow patterns around the heart valves and heart valve models were 
more complex than those around the bodies of revolution used by Marosek, a similar 
trend in the effect of flow on deposition thickness was apparent: deposition in regions 
of accelerated flow and elevated shear stress was thinner than deposition in regions 
of slower moving flow and lower shear. The most obvious example is the difference 
between the thicknesses of final wall clot deposition resulting from steady and pulsatile 
flow. To discount the effects of the test object on the walls of the test chamber let us 
consider the wall clot upstream of, and several tube diameters downstream of, the test 
object. In steady flow the wall clot in these regions could reach a maximum thickness 
of several millimetres after an 11 minute run time whereas the wall clot formed during 
pulsatile flow, for the same average flowrate, was only about 1 mm thick even after 
25 minutes. For the same flowrate, 2 I/min for example, the maximum shear stress at 
the test chamber wall in pulsatile flow is greater than that in steady flow due to the 
acceleration of the forward pulse. The residence time of the milk at the test chamber 
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wall is also less during pulsatile flow than it is during steady flow due to disruption of 
the boundary layer. 
During steady flow, wall clot thinning was observed adjacent to the test object occlud-
ers. For the large fixed disc, wall clot deposition decreased in thickness as the distance 
between the disc and the test chamber wall decreased and the reverse was true on the 
opposite wall of the test chamber as the distance between the disc and the test cham-
ber wall increased. Consideration of a simplified, two dimensional representation of the 
flow past the large fixed disc (figure 7.15a) shows that shear increases and residence 
time decreases in the regions where wall clot becomes thinner. The large fixed disc 
forms two flow channels (one either side of the disc). Milk approaching the disc will 
be split into two as it passes the disc, the majority flowing through the lower channel 
due to its larger opening. As the disc slopes towards the test chamber wall the cross-
sectional area of the lower flow channel will decrease, forcing the flow to accelerate 
which in turn decreases the fluid residence time and increases the shear stress. The 
opposite will happen through the upper flow channel: flow will decelerate as the flow 
channel increases in cross-sectional area, increasing the residence time of the milk and 
reducing the shear stress. Dye injection experiments (see Section 6.2) confirmed these 
steady flow patterns for the large fixed disc and the Edinburgh valve. Flow through 
the lower flow channel, for both test objects, accelerated. Dye in this region did not 
remain longer than the time it took for the bulk of the dye in the fluid to disappear. 
At a flowrate of 2 1/mill there were large regions of stasis in the upper flow channels 
and after the bulk of the dye had been swept from the test chamber diffuse pockets of 
dye remained in these regions for 6 and 11 seconds for the Edinburgh valve and the 
large fixed disc respectively. 
This trend is further reflected in the deposition observed on the faces of the test object 
occluders. The thickest clotting which occurred on the upstream faces of the discs and 
valve leaflets was at the sides of the faces, in the regions of stasis around the points 
where the occluder touched the test chamber wall or mounting ring. Deposition along 
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Figure 7.15: Schematic diagram of the 2-dimensional flow around the large fixed disc 
a) perpendicular to the disc and b) parallel to the disc. 
the centreline of the upstream face in the direction of flow, where the shear forces 
would be highest, was minimal or non existent. The flow across the downstream face 
of the occluders was slower, and the resulting deposition thicker, than that across the 
upstream face. 
Wall clot deposition upstream of the large fixed disc was thicker on the side of the 
test chamber next to the lower flow channel (see figures 7.1c and d). This may be the 
result of upstream propagation of the effects of the interaction between the disc and 
the boundary layer. Fluid approaching the upper flow channel will initially be forced to 
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accelerate more than fluid entering the lower flow channel due to the difference in orifice 
area. Such an increase in acceleration would reduce the thickness of the boundary layer. 
However, this may only affect the thickness of the boundary layer locally rather than 
propagating back upstream. Dye injection experiments did not explain this difference 
in wall clot thickness on opposite sides of the test chamber. The residence time of dye 
trapped in the boundary layer was 10 to 11 seconds after the bulk of the dye had been 
washed away, with no observable difference between the two halves of the test chamber 
at a fiowrate of 2 1/mm. However, the dye injection experiments demonstrate the flow 
patterns in an unclotted system. It is possible that the combination of the decreasing 
orifice area of the lower flow channel and the increasing viscosity of the reacting milk 
in the boundary could restrict the flow enough to increase the thickness and residence 
time of the upstream boundary layer and the subsequent layer of deposition. The 
thickness of deposition upstream of the test objects in orifice rings is more uniform 
than that upstream of the large fixed disc. Following the above argument, this is to 
be expected as the orifice ring will encourage a thicker and more stable boundary layer 
to form upstream of the test object, reducing the effects of the occluder/boundary 
layer interactions. The residence time of dye in the boundary layer upstream of the 
Edinburgh valve was 37 seconds at a flowrate of 2 1/mm. 
Extending the model of the flow around the test objects to three dimensions may 
provide an explanation for some of the regions of translucent wall clot observed around 
all of the test objects. If the theory that decreasing residence time and increasing shear 
stress reduces the extent of deposition holds, then one would expect these regions of 
extremely thin deposition to be the result of highly accelerated flow but one would 
not normally expect to find the fastest moving layer of fluid at a stationary wall. For 
the large fixed disc a swirl of translucent clot appeared in the wall clot around each 
mounting pin, continuing downstream adjacent to the edge of the occluder, gradually 
increasing in thickness (figure 7.12). At the centre of this region, immediately around 
the position of the fixing pin, was a region of thick clot corresponding to the clot which 
formed at the sides of the disc face. Studying figure 7.15a again, we see that the lower 
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flow channel splits off the majority of the flow which it then forces to accelerate as the 
orifice area decreases. If we consider the plane perpendicular to the one shown in figure 
7.15a, figure 7.15b, we see that the disc only comes into contact with the test chamber 
walls across its diameter at the fixing pins and a gap of varying size exists between 
the edge of the disc and the test chamber wall. Fluid approaching the opening of the 
upper flow channel will be forced to accelerate and some may "escape" into the lower 
flow channel by squeezing between the disc and the test chamber wall, perpendicular 
to the main direction of flow. As the flow in the lower flow channel is restricted some 
fluid will be forced upwards through the gap between the disc and the test chamber 
wall. The position of the alternative flow routes may combine to produce the swirls 
of translucent clot around the fixing pins (figure 7.15). The flow through these gaps 
is likely to be accelerated, implying conditions which promote thin clot. Indeed this 
region was one of the first to be swept clean of dye in the dye injection experiments 
indicating the short residence time of fluid in this region. A similar phenomenon may 
be responsible for many of the regions of translucent wall clot found adjacent to the 
downstream edges of the small fixed disc and the valves. The two parallel regions of 
translucent wall clot separated by a thin strip of slightly thicker wall clot seen in figure 
7.11, downstream of the Bjork-Shiley valve, look as if they may be the result of two 
jets of accelerated fluid passing either side of the upstream strut, leaving a small region 
of stasis in the wake of the strut itself. The regions of translucent clot downstream 
of the test objects gradually increase in thickness, merging with the surrounding wall 
clot. Presumably this corresponds to re-establishment of the boundary layer along the 
test chamber wall. Upstream of the test object the transition between thick wall clot 
and translucent clot is abrupt. Dye injection experiments suggested that, at the point 
where the thick wall clot upstream of the Edinburgh valve ends abruptly, there is a 
point of flow separation. Fluid squeezing between the upstream edge of the disc and 
the test chamber wall could produce a jet around the test chamber wall, perpendicular 
to the direction of flow, forcing the separation of the boundary layer at that point. This 
may explain the abrupt transition in wall clot thickness. 
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7.3.2 The effect of flow on the adhesion and texture of deposition 
The level of shear and flow disturbance at the site of deposition can also affect clot 
adhesion and texture. During the milk flow experiments two types of clot texture 
were observed: deposition which formed in regions of stasis, such as the undisturbed 
boundary layer, had an open, gel-like, spongy texture and deposition which formed 
in regions of disturbed flow and high shear, such as the thick clot ridges, wall clot 
formed under pulsatile flow and the translucent wall clot, was smooth and dense in 
texture3 . This may be due to enhanced syneresis, because whey trapped within the 
gel matrix is released when agitation breaks bonds within the gel[112], leading to a 
more compact clot structure. When cleaning the test chamber it was noticed that the 
regions of thinner, more dense clot which formed in regions of higher shear (such as the 
translucent wall clot) were more adherent to the test chamber walls than the thicker 
wall clot which formed in the undisturbed boundary layer. Since one would expect the 
thicker wall clot to be less able to support its own weight under gravity, the adhesivity 
of deposition was estimated when the clot was supported by water. Before dismantling 
the test chamber after a milk experiment, the column of water inside the clotted test 
chamber was agitated by squeezing the silicone rubber tubing upstream of the rigid test 
section. The deposition which formed in the regions of stasis tore easily from the walls 
but the regions of thinner clot which formed in the regions of higher shear remained 
attached. This supports Christy's theory that agitation promotes the adhesion of milk 
clot to a surface[2]. Whilst increased shear appears to reduce clot thickness, these 
thinner, more adherent clots are more representative of the shear induced thrombus 
found in vivo, than the thick clots produced in regions of stasis. It is proposed that, in 
addition to the activation of the blood clotting cascade, shear may also be responsible 
for thrombus deposition structure, as for milk. 
'These descriptions of clot texture from the flow experiments are not to be compared with the clot 
types produced during the static, milk agitation experiments, described in Chapter 5 
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7.3.3 The effect of flow on the rate of deposition 
The rate of wall clot deposition around the valves and fixed discs was calculated. How-
ever, estimating the effect of shear on the rate of deposition is not easy because depo-
sition did not always progressively increase in thickness from a very thin layer of clot 
to the final clot thickness. The course of clot development observed around the test 
objects during steady flow varied with flowrate and position relative to the test objects. 
In some situations wall clot deposition followed the pattern observed by Marosek during 
steady flow: an initial period of approximately 2 minutes during which no deposition 
was observed, after which the rate of deposition was rapid for a further two minutes be-
fore falling to a much slower rate. Under different conditions the pattern of deposition 
was more similar to that observed by Marosek during pulsatile flow: a longer initial lag 
period of approximately 4 to 5 minutes after which deposition occurred at a constant 
rate similar to the slower rate observed during steady flow. A further mechanism, not 
seen by Marosek, was the first appearance of wall clot deposition at almost its final 
thickness. 
During steady flow Marosek observed that as the wall clot deposition increased in 
thickness, the rate of deposition decreased. This is to be expected because as the cross-
sectional flow area of the test chamber decreases with time, due to the increasing clot 
thickness, the milk is forced to accelerate which increases the shear stress and reduces 
the residence time at the surface of the clot. Both of these factors would reduce the 
rate of deposition at a surface. As shear stress increases and residence time decreases it 
is likely there will be a limiting clot thickness corresponding to the point where the rate 
at which bonds are being broken equals the rate at which bonds are forming. Noting 
that the shear rate increases as the thickness of clot increases, the conclusion that the 
general effect of increasing the shear rate will be to limit the rate of deposition can be 
implied from the following findings: 
1. high rates of wall clot deposition were not maintained for more than a maximum 
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of a couple of minutes, 
for each experiment the wall clot deposition rate did not exceed 0.2 mm/min by 
the end of the experiment (usually approximately 11 minutes), 
for the longer run times (approximately 25 to 30 minutes), the wall clot thickness 
did not change by a significant amount after 11 minutes. 
7.3.4 The effect of flow on the course of clot structure formation 
The first appearance of deposition at a thickness almost equal to its subsequent final 
thickness was observed in various locations upstream and downstream of all of the test 
objects and, on occasion, on the downstream face of the test object occluders (see fig-
ure 7.3 discussed in Section 7.1.1). The ultrasound reflection from such clot structures 
usually appeared faint at first increasing in intensity throughout the course of the exper-
iment. The most obvious explanation for this would be that the ultrasound equipment 
could not detect the clot until it reached this thickness. However, as discussed earlier, 
the ultrasound equipment detected clot at a thickness of less than 1 mm and longer lag 
times did not necessarily imply that deposition would first appear at a large thickness, 
or indeed its final thickness. It is believed that this phenomenon corresponds to very 
stable regions of stasis in which an incipient gel forms en masse once enough reacting 
material has diffused into the region. When the gel first forms there is only enough 
crosslinking to hold the gel together; however, the rigidity of the gel increases with time 
as the degree of crosslinking increases and it is very likely that this is responsible for 
the increase in the strength of ultrasound reflection from the clot. The thick deposition 
on the downstream face of the Edinburgh valve in figure 7.3 appeared to move slightly 
when it was first observed. However, this movement decreased as the strength of the 
reflection increased. This observation supports the theory that the increase in reflection 
intensity corresponds to an increasing degree of crosslinking. 
Figure 7.16 shows the development of a structure in the downstream wake of the orifice 
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ring. A thin layer of deposition first appeared downstream of the orifice ring after 
approximately 2.5 minutes. This layer was attached to and level with the orifice ring 
and was approximately 2 cm in length. First of all the thin layer of deposition grew in 
length and then the reflection from the region between the layer and the wall increased 
in strength. From the ultrasound images it appears that the thin layer of deposit 
formed first and may have been responsible for isolating the layer of reacting milk at 
the wall from the rest of the flow, resulting in the mass formation of the gel. However, 
the thought that the thin layer of clot formed because there was a very stable region of 
stasis at the test chamber wall, downstream of the orifice ring, cannot be discounted. 
Although no such "skin" was observed forming around the other regions of mass clot-
ting, it is possible that the increased viscosity of the reacting milk could stabilise these 
regions of stasis long enough for gelation to occur en mass. 
The formation of clot ridges attached to the downstream faces of the test objects and 
the test chamber wall was a distinctive structure which formed around all of the test 
objects apart from the orifice ring. It is not surprising that thick deposition formed 
around the downstream faces of the occluders since large regions of stasis existed at 
these points. However, these regions did not clot solid and the flow channel, although 
reduced in area, was never completely blocked even at the longer run times. The flow 
around the large fixed disc and the Edinburgh valve was investigated using dye injection 
experiments. Figure 7.17 shows two particular vortices observed emanating from the 
fixing pins on the large fixed disc, almost perpendicular to the downstream face of the 
disc, towards the test chamber wall. The dye trapped in these vortices was very intense 
and lasted for 32 seconds after the bulk of the dye had gone. Similar, smaller vortices 
which lasted for 45 seconds were observed originating from the pivots of the Edinburgh 
valve, towards the edges of the leaflet's downstream face. The position of these vortices 
is similar to the sites of the thick clot ridges and could be the initiation point of these 
distinctive structures. The regions of stasis around the attachment points of the disc 
and valve leaflet may act as a reservoir for reacting material during clotting. The clot 
ridges may begin to form when milk on the verge of coagulation is carried out of this 
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Figure 7.16: Ultrasound images of the build up of wall clot deposition with time, 
downstream of the orifice ring. The time from the start of the experiment that each 
image corresponds to is indicated below the image. 
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Figure 7.17: Schematic diagram of some of the dye patterns around the large fixed disc 
during steady flow (2 1/mm). a) Shows the plane along the centreline of the disc and 
b) shows the plane perpendicular to that. 
reservoir by the vortices, past the sides of the occiuder's downstream face, towards the 
test chamber wall. As the ridges start to form the origin of the vortices may propagate 
downstream, extending the clotting structure downstream at the same time. 
During the pulsatile flow dye injection experiments the only pockets of dye observed 
after the bulk of the dye had been washed out were diffuse regions adjacent to the test 
chamber wall. A small pocket of dye downstream of the large fixed disc, at the point 
where the rippled wall clot (see figure 7.14) occurred, was observed to oscillate upstream 
and downstream slightly with each pulse for approximately 5 seconds. Larger pockets 
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of dye trapped at the test chamber walls just upstream of the fixed disc mounting pins 
oscillated with the flow for 17 seconds after the bulk dye had disappeared. Concentric 
ripples of wall clot upstream of the mounting pins of the large fixed disc were also 
observed in these regions after pulsatile flow experiments. It is tentatively suggested 
that the oscillations in these regions promote a preferential deposition pattern, similar 
to an interference pattern, resulting in the rippled wall clot. Before the bulk of the 
dye had left the test chamber the flow patterns around the large fixed disc and the 
Edinburgh valve during pulsatile flow (2 1/mm) were observed. Some regions of violent 
recirculation were observed impinging on the upstream and downstream tips of the 
downstream face of the large fixed disc but the flow adjacent to the test chamber 
walls was parallel to the wall. The majority of the wall clot which formed around 
the large fixed disc during pulsatile flow, although thinner than that formed during 
steady flow, was of fairly uniform thickness. This suggests the disruption to the flow 
caused by the large fixed disc has more of an impact on the wall clot thickness during 
steady flow than it does during pulsatile flow. Presumably the increased shear stresses 
associated with the peak velocity during pulsatile flow have more of a limiting effect 
on the wall clot thickness than the difference made by the sloping disc. Downstream of 
the moving valves during pulsatile flow, however, large regions of translucent wall clot 
formed adjacent to the lower flow channel. Pulsatile dye injection experiments with 
the Edinburgh valve highlighted violent vortices which formed adjacent to the regions 
of wall clot thinning at the start of diastole as the valve closed. 
The periodic shedding and regrowth of regions of the wall clot observed by Marosek 
during both his steady flow and pulsatile experiments was not seen during this study. 
Marosek found that the frequency of shedding increased with increasing CaC12 con-
centration. He suggested that as the clot rigidity increases with increasing CaC12 it 
may be more likely to be torn from the wall than a more compliant clot. However, 
he did not rule out the possibility that such clot shedding was the result of knocks to 
the test chamber or vibrations from other equipment. In this study a saturated CaC12 
solution was used, approximately twice the maximum concentration used by Marosek, 
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and yet no clot shedding was observed. The other difference in the reagents used was 
the rennet. It is possible that the new rennet produced a more adherent clot than the 
old rennet used by Marosek. A repeat of the Lee White agitation tests developed by 
Christy[2] using both the new rennet and Bannerman's rennet indicated that the re-
sponse to agitation of clot produced in these batchwise tests, using the new rennet, was 
similar to the results using Bannerman's rennet. It may be the case that there exists 
an optimum rennet and CaC12 concentration combination which produces a clot that 
is inflexible enough to be able to yield to increasing milk velocities and yet not strong 
enough to resist being torn from the wall, thus promoting clot shedding. However, it 
is thought more likely that the clot shedding phenomenon observed by Marosek was 
the result of lower CaCl2 solution concentrations producing a weaker clot less able to 
withstand knocks and vibrations. 
A phenomenon that may be similar to Marosek's clot shedding was the consistent 
appearance of ripples of thin clot traveling downstream through the test chamber 7 
seconds after the injection pumps were stopped at the end of each steady flow ex-
periment. This time corresponded to the residence time between the injection points 
and the test object, measured during the dye injection experiments, implying the first 
appearance of non-reacting milk in the test chamber after the experiment. The vis-
cosity of non-reacting milk is lower than that of reacting milk which means that as 
the non-reacting milk swept through the test section, displacing the more viscous milk, 
the volumetric flowrate and, therefore, the velocity and shear stresses at the surface of 
the clot downstream of the injection points, would gradually increase. This increase 
in shear stress may have been enough to rip weak, newly formed layers of clot from 
the walls of the test section upstream of the test chamber which were then carried 
downstream. 
CHAPTER 7. RESULTS AND DISCUSSION 	 192 
7.4 Deposition during pulsatile flow 
Christy found that clotting patterns around the Bjork-Shiley valve similar to those 
observed after pulsatile flow could be produced during steady flow by lowering the 
enzyme concentration and increasing the flowrate. Figure 7.18 compares the upstream 
and downstream views of the clotting around the Bjork-Shiley valve, resulting from a 
pulsatile flow experiment, with the results of two of Christy's experiments[2]. The sites 
of deposition for the three experiments are similar: the struts and the downstream face 
of the valve leaflet. These regions correspond to sites of clinically observed thrombosis 
and are associated with poor washing[94. However, the extent of deposition in figure 
7.18a is less than that observed by Christy during pulsatile flow (figure 7.18b). This 
was the case for all of the pulsatile flow experiments conducted during this study. The 
maximum wall clot deposition after 25 minutes was approximately 1 mm thick and 
wall clot deposition in the vicinity of the test objects was too thin to be depicted 
by ultrasound whereas Marosek measured pulsatile wall clot thickness of up to 3 mm 
just upstream of the test objects. If the reduced clot thickness was merely a result 
of the different test objects then one would expect the wall clot upstream of the test 
object to be similar to previous results, however, it was not. Three possible causes 
for the difference in the extent of deposition are: the new rennet, the new pulsatile 
pump and a difference in the residence time between the injection points and the test 
chamber. Since the new rennet was found to behave similarly to Bannerman's rennet 
in Christy's agitation tests and the extent of deposition upstream of the test objects 
during steady flow was similar to that observed by Marosek (approximately 6 mm) the 
new rennet is unlikely to be the cause of the reduction in pulsatile wall clot thickness. 
It cannot be discounted that the new pulsatile pump was not producing the output 
wave form expected 4 . However, the simplest explanation is the residence time between 
the injection points and the test chamber was greater during Christy's and Marosek's 
experiments. Such a change would have more of an effect on the extent of deposition 
4 The pulsatile pump was expected to deliver a rectified sinusoidal output. 
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Test Object Experiment 1 Experiment 2 Experiment 3 
Large disc 3.39 mm 3.36 mm 3.89 mm 
Edinburgh valve 3.02 mm 2.73 mm 2.45 mm 
Table 7.3: Comparison of the wall clot thickness for three experiments (at 2 1/mm) 
5mm upstream of the large fixed disc and the Edinburgh valve. 
during pulsatile flow than it would during steady flow because shear stresses are lower 
and the residence time of fluid in regions of stasis (e.g. the boundary layer) are usually 
greater in steady flow. 
7.5 Reproducibility of the milk clotting technique 
Table 7.3 shows that for the same point upstream of a test object, the difference in wall 
clot thickness between experiments was less than the wall clot thickness itself at that 
point. However, since the extent of deposition can be adjusted to suit the purposes of 
the experiment' (e.g. by altering the enzyme concentration or the residence time) it is 
felt that repeated prediction of similar clotting locations and macroscopic clot structures 
is of greater importance. Whilst the extent of deposition in this study differed from 
that in the experiments of Christy[2] and Marosek[3], a comparison of deposition sites 
around the Bjork-Shiley valve (seen in figure 7.18) demonstrates the ability of the milk 
clotting technique to repeatedly predict locations of preferential clot deposition. The 
macroscopic appearance of the clot structures observed (e.g. the swirls of thin wall clot 
around the mounting pins of the large fixed disc or the thick ridges of clot attached to 
the downstream face of the valve leaflets and the test chamber wall) was similar for the 
same test object under the same experimental conditions. 
'The level of clotting factors present in the blood can vary from subject to subject, affecting the 
extent of thrombosis occuring in vivo. Therefore, it may be useful to conduct final milk clotting tests 
under conditions which produce a range of clotting extents. 
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Figure 7.18: Comparison of the deposition around Bjork-Shiley valve resulting from 
pulsatile flow with previous results[2]. Upstream and downstream views of a) the 
valve after pulsatile flow (2 1/mm), b) Christy's results after pulsatile flow in the heart 
chamber (2 1/mm) and c) Christy's results after steady flow (3 1/mm), reduced rennet 
concentration. 
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7.6 Effect of the test objects on the quality of the ultra-
sound image 
Deposition on the far side of the test object could only be imaged for the large fixed 
disc. There were a greater number of image artefacts associated with other test objects. 
The PVC orifice rings introduced more interfaces in the path of the ultrasound beam, 
which increases the refraction of the ultrasound beam. Both the metal housing rings 
around the valves and the materials from which the valve leaflets were constructed 
cause reverberation of the ultrasound beam. Refraction and reverberation attenuate 
the ultrasound signal and cause artefacts which can obscure structures of interest. The 
worst ultrasound images were produced when using the Bjork-Shiley valve and this 
was mainly due to the pyrolytic carbon leaflet. An example of the ultrasound images 
produced using the Bjork-Shiley valve is given in figure 7.19. A useful side benefit 
of the attenuation caused by the PVC orifice rings was that it served to dampen the 
strong reflections and reverberation caused by the metal housing rings. 
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Figure 7.19: Annotated ultrasound image showing the artefacts seen around the Bjork-
Shiley valve in an unclotted system during steady flow. 
Chapter 8 
Conclusions and 
Recommendations for Future 
Work 
8.1 Conclusions 
The suppliers of rennet for the previous milk deposition studies went out of busi-
ness before the commencement of this project. Christy's agitation tests were 
repeated using a range of new rennets and clots produced using a microbial ren-
net were found to behave most like those produced using the previous rennet. 
The development of clot structures on and around obliquely positioned test ob-
jects (namely monoleaflet artificial heart valves and heart valve models) can be 
studied ultrasonically using two new test chamber designs during steady flow. 
The valve leaflet was successfully imaged whilst in the fully open position during 
both steady and pulsatile flow. The rate of wall clot deposition was measured 
and the formation of complex clot structures observed qualitatively. Deposition 
during pulsatile flow was too thin to be depicted using the available ultrasound 
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equipment and results are limited to qualitative observations of the final struc-
tures only. 
The rate and the extent of curd deposition varies with fiowrate, test object shape 
and position of clotting site relative to the test object. Values for the initial rate 
of deposition observed ranged from 0 mm/min to 2.4 mm/min in many cases 
falling to a subsequent rate in the range of -0.1 mm/min to 0.1 mm/min after 
a couple of minutes. In regions of reduced residence time and increased levels 
of shear due to accelerated flow, such as the test chamber wall during pulsatile 
flow and the upstream face of the test object occluders along the centreline in 
the direction of flow, the final extent of deposition was thinner than in regions of 
stasis and slower moving flow such as the test chamber wall upstream of the test 
objects during steady flow. 
The course of clot structure formation observed during steady flow was affected 
by the flow patterns in the region of clotting. Deposition was observed to build 
up progressively with time at various deposition rates, after a range of lag times, 
in a manner similar to that observed by Marosek[3] during steady and pulsatile 
flow. A further clot structure formation course, not observed by Marosek, was 
the first appearance of deposition at almost its maximum thickness. It has been 
proposed that this phenomenon is the result of stable regions of stasis clotting en 
masse once enough reacting material has diffused into the region. Such regions 
may be promoted by the increased viscosity of the reacting milk. 
In the flow experiments, clot texture was affected by the type of flow in that loca-
tion. Clot which formed in regions of stasis was spongy but deposition in regions 
of flow disturbance and elevated shear was smooth and dense. It is suggested that 
this agitation promotes enhanced syneresis which leads to a more compact clot 
structure[ 112][6]. These clot textures are not to be confused with the clot types 
I, II and III observed during the batchwise, Lee-White agitation tests. 
The effect of flow patterns on the course of deposit formation and the range of clot 
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development rates may reflect the range of thrombus composition and structures 
observed clinically (e.g. the platelet thrombus, the red venous thrombus and the 
white thrombus with the red tail). 
The ultrasound reflections from certain clot structures increased in intensity 
throughout the course of the experiment and, where the clot structures initially 
were observed to move, this coincided with a reduction in movement. It is believed 
that this corresponded to an increase in crosslinking within the gel producing a 
more rigid, reflective clot. 
For the steady flow run times of approximately 25 to 30 minutes the wall clot 
deposition appeared to reach a maximum thickness after approximately 11 min-
utes. This supports the theory that as the shear rate at the clot surface increases 
with clot thickness a limiting clot thickness will be reached. 
Clot which formed in regions of disturbed flow, such as the regions of translucent 
wall clot, was found to be more adherent than clot which formed in regions of 
stasis. This is in agreement with Christy's observations that agitation at a critical 
point in the milk clotting reaction promotes the adhesion of milk clot to a surface. 
8.2 Recommendations for Future Work 
1. To a certain extent the observation of deposition was limited by the test chamber 
and test object materials used. For the future it is recommended that valves, 
their housing rings and any struts be replicated in PVC for use with ultrasound 
rather than using valves constructed from materials such as metal and pyrolytic 
carbon. This should help to reduce the reverberation artefacts caused by the 
valve housing rings, for example. However, it must be considered that changing 
the valve material may well affect the hydrodynamic performance of the valve. 
Such valve models would first have to undergo hydrodynamic testing to ensure 
there were no changes in valve function. 
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Similarly, further investigation of polyurethane for use with ultrasound could 
produce a test chamber which is acoustically matched to milk. If such a test 
chamber could be developed then refraction artefacts would be minimised. It 
could be possible to develop further the idea of flat surfaces for imaging or to 
make a test chamber with a square external profile whilst retaining the cylindrical 
geometry inside. Such a design would allow off centre viewing across the entire 
face of the test object occluder rather than at various angles through the axial flow 
centreline. To prevent varying degrees of refraction across the narrower dimension 
of the ultrasound beam destroying the electronic focusing of the beam, acoustic 
matching of the test chamber to the milk would be essential for this design. 
Deposition around test objects of complex geometry mounted in a simple cylindri-
cal test chamber has been studied. The ability of ultrasound to study deposition 
around test objects mounted in complex test chambers (such as the artificial heart 
chamber used by Lewis[45]) should now be assessed. The insertion of acoustic 
windows around the heart chamber may reduce some of the problems associated 
with imaging through rigid plastics. Development of a heart chamber fabricated 
in a polyurethane acoustically matched to milk would enhance imaging and allow 
investigation of a flexible walled heart model. Submersion of the polyurethane 
chamber in a water bath would allow a much greater flexibility in imaging angle. 
A waterproof transceiver and system for precisely aligning the ultrasound probe 
relative to the test object would be required if a water bath was used. 
Further experiments increasing the residence time between the reagent injection 
points and the test object would help to determine whether or not deposition thick 
enough to be observed using ultrasound can be achieved with these complex test 
objects during pulsatile flow. Alternatively, a higher frequency ultrasound probe 
could be used to increase the axial resolution, however, this would be at the 
expense of the depth of field. 
Some ultrasound scanners are now PC based and such a system may offer an 
alternative to a test chamber acoustically matched with milk. Access to the 
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software responsible for converting the ultrasound reflections into images could 
permit real time removal of artefacts and allow the operator to insert different 
values of the speed of sound for difference regions of the image. In that way the 
true thickness of the test object, for example, could be depicted. 
A set of steady flow experiments with the ultrasound probe positions at various 
points upstream of the test object may confirm the suggestion that thin, newly 
formed wall clot was being torn from the walls upstream of the test object at the 
end of each experiment as the less viscous, non reacting milk swept through the 
test chamber. 
PIV or dye injection experiments using a fluid with the same viscosity as reacting 
milk may indicate whether of not the increased viscosity promotes large stable 
regions of stasis which could be responsible for the observation of en masse co-
agulation in some regions. PIV experiments could also be used to indicate the 
magnitude of shear stress at various locations. 
During the milk flow experiments visual and adhesive differences were noted be-
tween the clots formed in regions of stasis and disturbed flow. Microscopy of 
clot samples taken from such flow regions may highlight any further structural or 
compositional differences. 
Appendix A 
The Concept 2000 Ultrasound 
Scanner: User Instructions and 
Maintenance 
Once the scanner has been switched on the transducer can be attached by mating the 
connector squarely with the docking point on the right hand side of the scanner, cable 
pointing downwards, and then tightening the large central screw. Selecting the "NEW 
PATIENT" key on the keyboard erases all previous measurements and the cursor will 
then appear at the top left of the screen to allow entry of the new patient /experimental 
details. On the left hand side of the screen there are nine switches to control image 
selection: 
Invert allows the image on the screen to be displayed upside down, the button toggles 
between either orientation. 
Transpose allows the image to be orientated from left to right or vice versa, again the 
button toggles between the two options. 
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Focus is a ternary toggle switch moving the focus zone to the near field (first press), 
both near and far fields (second transmit focus zone activated on second press) 
and back to the far field (third press). An arrow at the right hand side of the 
image indicates where the focus zone is. 
Scale up/down increases or decreases the magnification respectively. There are four 
scale sizes, 1.0, 1.5, 2.0 and 3.0 and the current one in use is indicated at the 
bottom centre of the screen. 
Near/Far enables the far field only to be observed by moving the field of view several 
centimetres below the skin surface. 
Screen toggles between the two available screens and holds the image in memory, 
indicating the screen number at the bottom left of the screen. 
Freeze will freeze an image for up to 7 minutes unless deselected. 
The controls to finesse the images are found on the right hand side of the screen. These 
knobs alter the brightness, contrast, initial gain, and near and far field gain and their 
positions were optimised by eye for the best picture. 
There are three menus available on the scanner (obstetric, cardiac and special) which of-
fer various measurements and programmes and can be selected by pressing "MODE" on 
the keyboard. The default screen on the scanner measures distance and time/velocity, 
this screen was used for these experiments. To reduce noise the scanner uses frame 
averaging; however, for the purpose of the experiments it was desired to obtain unpro-
cessed, real time images. The correlation can be turned off by pressing "MODE" then 
R" and the message "UNCOR" will appear at the bottom right of the screen. Measure-
ments can be made on screen using the caliper and mark switches and the trackerball. 
This feature was not used often as the ultrasound scanner was connected to a video 
recorder and the subsequent experimental footage was analysed at a later date using a 
software tool developed for the purpose (see Appendix C for full description). 
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As the scanner had not been used for some months it was necessary to recharge the 
internal battery. This was a simple case of leaving the scanner on for a few hours and 
then pressing "NEW PATIENT" to delete the corrupted information displayed on the 
screen. As a result of the flat battery the scanner had defaulted to automatic gain 
control mode. Although this feature does not work in the Concept 2000 scanner when 




This appendix describes the tests conducted at the start of each experimental day to 
determine reagent reproducibility and detailed experimental procedures concerning the 
running, dismantling and cleansing of the rig. 
B.1 pH measurements 
The pH of the rennet solution and milk was measured using a "Philips PW9421" pH 
meter with a glass pH cell and Pt 100 resistance thermometer. The resolution of the pH 
meter was 0.001 over the pH range 0.000 to 14.000. The meter was calibrated before 
each use with two standard buffer solutions of pH 4.01 and pH 7. The buffer solutions 
were made by dissolving tablets of the appropriate pH in distilled water and making 
up to 100 ml. The calibration procedure was as follows: 
The automatic temperature compensation (ATC) and pH switches on the meter 
were selected and the "slope" was set to 100%. 
The resistance thermometer and the glass pH cell were immersed in the pH 7 
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buffer solution and the "asymp pot" adjusted until the pH display matched the 
pH of the buffer solution. 
The pH cell and resistance thermometer were then rinsed in distilled water and 
dried. 
This process was repeated from step 2 with the pH 4.01 buffer solution. 
The pH of the rennet solution and milk at ambient temperature and 37°C were 
then measured, rinsing the pH cell and resistance thermometer in distilled water 
in between each reading. 
B.2 Lee-White tests 
Three Lee-White tests were performed prior to the first experiment of the day to de-
termine and average clotting time. The following procedure was used to conduct each 
Lee-White test: 
5 ml of milk were placed in a clean, dry, stoppered test-tube (0.8 cm diameter) 
and then warmed to 37°C in a water bath. 
Once the milk had reached 37°C the test-tube was removed from water bath and, 
0.05 ml of saturated calcium chloride solution was injected from a microsyringe, 
and the mixture swirled to ensure mixing. 
0.05 ml of rennet solution (20 times dilution) was then added to the milk mixture, 
which was swirled briefly before starting a stopwatch. 
The test-tube, sealed with a bung, was inverted every 15 seconds, placing the end 
of the test-tube containing the milk into the water bath in between inversions to 
prevent excessive cooling. 
The time at which visible solids first appeared and the time at which the milk 
stopped flowing (RCT) were noted. 
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B.3 Start-up 
B.3.1 Steady Flow 
For steady flow experiments the outlet drain was adjusted so the top nozzle was level 
with the top of the stainless steel tank and then the start-up procedure below was 
followed: 
Initially, the three phase power supply for rig was plugged in and turned on. 
The power supply at the main control panel and temperature control panels were 
then switched on. 
The solenoid valve, controlling flow to the vacuum vessel, was switched on. 
The stainless steel header tank was primed with approximately 2 litres of water 
until the level indicator on the control panel registered about 80%. Care was taken 
to ensure that no air was trapped underneath the outlet baffle, and the silicone 
rubber tubing downstream of the tank was squeezed to encourage displacement 
of air downstream of the tank. 
At this point, if the test chamber was not full of water, it was released from its 
clamps and lowered to allow water to flow through the system after which it was 
reclamped in position. 
The level set-point for the stainless steel header tank was adjusted to approxi-
mately 73%, which corresponded to an actual level of approximately 80-82% when 
the system was running at steady state. 
To prepare for running water through the system the high pressure water was 
turned on. If the system had not been used for a few days the water flow was first 
directed to the drain to prevent any sediment build-up in the pipes from entering 
the water tank. 
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Once the high pressure water ran clear the flow was redirected from the drain to 
the water tank to allow the water level just to reach the overflow. 
To start pulling a vacuum in the glass vessel and commence flow from the water 
tank the vent on the vacuum vessel was then closed, the valve on the vacuum line 
which leads to the water-jet ejector was opened and the valve on the water line 
through the water-jet ejector was opened. 
The valve on the water line into the glass vacuum vessel was opened and water 
was drawn into the vessel by the vacuum to approximately 2 inches above the 
bottom of the packing. 
When the level of vacuum had dropped to -0.4 bar g the peristaltic pump (labelled 
"Milk Pump") was switched on. 
Immediately after, the end of the outlet tubing was moved from the top nozzle 
on the drain to the middle one and the height of the outlet drain was adjusted 
to give a steady flowrate of 2 1/mm (checked with a stopwatch and measuring 
cylinder). 
The valve on the water tank was adjusted (approximately a quarter turn open) 
so the flow in matched the flow out maintaining the level at the height of the 
overflow. 
Once the system was running smoothly the "Water Pump", which circulated the 
heating water, and the 6 kW heater were switched on ensuring the temperature 
set-point for the flow upstream of the injection points was 37°C. 
B.3.2 Pulsatile Flow 
For the pulsatile flow experiments the pulsatile pump was inserted between the header 
vessel and the injection points, just before the thermocouple. The drain outlet was 
raised so that the top nozzle was fixed at a height of 75 cm above the top of the 
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stainless steel header vessel. When using either of the two heart valves it was necessary 
to remove the outlet valve on the pump to allow the heart valves to function properly. 
The start-up procedure was then followed as for steady flow apart from point 12 which 
should be was conducted as follows: 
Immediately after, the pulsatile pump was switched on and the frequency and amplitude 
were adjusted to give 70 beats/mm and 2 1/mm. 
B.4 Experimental Procedure 
While the system was reaching the set-point temperature the pH of the reagents 
was measured and Lee-White tests were conducted to ensure reagent reproducibil-
ity. 
Once the milk samples had been taken, 2 or 3, 5 gallon containers of milk (de-
pending on the expected duration of experiment) were placed on the trolley and 
connected to the main flow line, ensuring all valves were closed. 
The feed tanks for the rennet and CaC12 dosing pumps were filled and the pumps 
allowed to run for a couple of minutes to ensure the lines were flushed with the 
fresh reagents. 
The video and ultrasound equipment were set-up next, fixing the ultrasound probe 
in the desired imaging position using the probe support. Video recording of the 
flow was initiated and at this point it was possible to record ultrasound images 
from several different angles ensuring the probe was returned to the main angle 
of interest before commencement of the experiment. 
To ensure no clotting matter became trapped in the drain a separate water supply 
which flushed the drain was turned on prior to, and for the duration of, the 
experiment. 
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Once the system had reached the steady state temperature with water, the inlet 
and outlet valves to the water tank were closed. 
Immediately after, the outlet valves from the first milk container were opened 
and milk was drawn through the system. To prevent a vacuum forming in the 
milk container the lid of the container was unscrewed. 
It was sometimes necessary at this point to temporarily increase the temperature 
set-point to 38°C as the milk was at a temperature of 4°C whereas the feed water 
was approximately 15°C. 
Milk was allowed to flow through the system until the level of deaeration was satis-
factory (observed using the ultrasound equipment). At this point video recording 
was commenced if it had not already. 
The rennet and CaC12 dosing pumps were switched on simultaneously and the 
stopwatch and on screen counter started immediately. 
As the level in the milk container dropped to a few inches above the outlet, 
the container was tipped up using a wooden block. When the container was 
almost empty the outlet valve was closed and the valve to the next container was 
opened immediately. Once this had been done any milk remaining in the previous 
container was poured into the new one. 
At the end of the experiment the dosing pumps, stopwatch and counter were 
stopped and milk was allowed to flush the system for several minutes to ensure 
clotting had finished completely. 
The system was then flushed with water prior to dismantling. The outlet valve 
from the milk container was closed and the outlet and inlet valves for the water 
tank were opened immediately, ensuring the water level in the tank remained 
constant. 
Once again, it was sometimes necessary to lower the temperature set-point for a 
short time at this point due to the difference in temperature between the water 
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and the milk. 
The ultrasound probe was released from the support and images from any other 
angles required were recorded. 
Finally, the rig was shut down and the test section was dismantled to allow visual 
observation of the clot. 
B.5 Shutdown and Dismantling 
At the end of the experiment, once the water flowing through the system was 
running clear, the heaters and water pump were switched off. 
The vacuum was released by opening the vent on the vacuum vessel which stopped 
water flowing through the system. The inlet valves to the water tank and the 
water-jet ejector were then closed and the high pressure water pump was switched 
off. 
To aid cleaning, the vacuum vessel was allowed to empty before switching off 
the milk pump and the level in the stainless steel tank was allowed to drop to a 
few percent before stopping the flow from it (either by switching off the pulsatile 
pump or by carefully raising the outlet above the level of the stainless steel tank). 
To dismantle the test section, a large drip-tray was placed underneath the test 
section and the silicone tubing upstream of the test chamber was clamped shut 
to prevent flow once the test chamber was open. 
The top clamp holding the test section was then removed and the nuts in the 
top flange of the test chamber were loosened slightly. Next, two adjacent screws 
and nuts were removed and a thin, metal plate was carefully inserted between the 
flanges. The remaining screws could then be removed. 
Holding the metal plate firmly against the open flange of the section above the 
test chamber, this part of the test section was lifted quickly and carefully into the 
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drip tray. At this point it was useful to stand above the test chamber and look 
down into it to observe the clot structures while still supported by the water. 
The two bottom clamps supporting the test section were removed and the section 
was tilted slowly and gently to drain the test chamber, taking care not to disturb 
the clot. 
As for the top flange, the nuts on the bottom flange were loosened, removing 
two adjacent screws and sliding the metal plate between the flanges. Removal of 
the remaining screws allowed the gentle separation of the test chamber from the 
upstream section. 
Photographs and sketches were taken of the clot structures within the test cham-
ber before power to the control panels, rig, pulsatile pump and solenoid valve 
were switched off. 
B.6 Cleaning 
Before reassembling the test section for cleaning, as much of the clot in the test 
chamber as possible was rinsed under the tap. Clot in the up and downstream 
sections was dislodged and removed with a wooden dowel. 
The test section was then reassembled and water was run through the system, 
with an increased temperature set-point of 50°C. 
The level in the water tank was allowed to drop to about 20cm and once the 
steady state temperature had reached 50°C the water flow was stopped. 
For the purposes of cleaning the rig was then broken into two cleaning loops: 
the first loop had contained only unreacted milk, the second loop had contained 
rennetised milk. 
For the first loop, the outlet of the milk pump was fed back to the top of the 
water tank and approximately 60 g of caustic soda was poured into the tank. The 
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vacuum was used to pull the caustic solution through the system and the level 
set-point for the stainless steel tank, which controls the milk pump speed, was 
adjusted to control the flow back to the water tank. The water pump (but not 
the heater) was then switched on to increase the temperature of the caustic. 
For the second cleaning loop, 40 g of Tergazyme cleaning enzyme was dissolved 
with a little warm water and poured into the stainless steel tank. The outlet to 
the drain was then fed back to the top of the tank. If the pulsatile pump was 
in-line it was used to pump the cleaning solution round the loop, otherwise a 
peristaltic pump was inserted between the system outlet and the stainless steel 
tank. 
Once all of the milk clot had dissolved the system outlet was reattached to the 
drain and the Tergazyme solution was pumped out of the stainless steel header 
tank. 
The caustic solution was drained through the manifold arrangement and was then 
used to clean the milk containers. 
The rig was then reconnected and flushed with water for approximately an hour. 
Appendix C 
Clot detection software 
The software used for wall clot detection and thickness measurements was coded in java 
by Cohn Higgs', the source code is available on request. Two versions of the software 
were developed, versions with (Analyse) and without (Findclot) a visual interface. 
The ultrasound scanner indicated a vertical and horizontal calibration scale on each 
image, in the form of a line of evenly spaced dots around the top and side edges of 
the ultrasound image. The space between adjacent dots corresponded to 10 mm. The 
number of pixels between adjacent dots was found to be the same for every image and 
so the calibration factor to convert from pixels into millimetres was hard wired into the 
program. 
C.1 Analyse 
The version of the software with the visual interface allows the user to select various 
intensity threshold values, from a range of values, for detection of the test chamber 
wall and wall clot surface on the side of the test chamber furthest from the ultrasound 
'Division of Engineering, Edinburgh University. 
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probe. Once the threshold values have been selected the software's prediction of the test 
chamber wall and clot surface locations is displayed overlaid on the original ultrasound 
image. This allows the user to increase or decrease the threshold values as necessary. 
When the most appropriate threshold values have been chosen, the "analyse" option 
can be selected. This systematically identifies the location of each separate surface in 
the image and allocates it a "blob" number. Blobs below a certain size are removed 
(this may be adjusted within the program and was set at 10 pixels for this analysis) 
and blobs attached to the side of the image adjacent to the ultrasound probe are also 
removed2 . The direction of flow is treated as the x-direction and wall and clot location 
measurements are taken every 0.2 mm along this direction. Data is recorded in a tab-
delimited file which can be imported into Microsoft Excel. The location of the wall and 
each blob is displayed in a separate column. An x-, plot of all the data allows the user 
to remove unwanted blob columns, such as those belonging to bubbles and recurring 
artefacts. Subtraction of the test chamber wall location from the remaining "wall clot 
blobs", places the wall at the x-axis and displays the wall clot at its true thickness in 
millimetres. 
C.2 Findclot 
Since there were often more than thirty images to be processed per experiment, analysis 
of each image individually was time consuming. However, after a short time using the 
visual interface it was found that the threshold values for individual experiments, and 
often whole series of experiments using the same test object, were the same. This 
made automation of the image analysis, up to and including the production of the tab-
delimited data file, possible. The version of the software which does not have a visual 
interface can analyse several sets of images with only an initial input of the threshold 
2 Thjs option was designed to remove the test object, which appeared as a very large blob, but could 
be deselected for the cases where artefacts connected the test object and wall clot "blobs", connecting 
the wall clot to the opposite side of the test chamber. 
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values from the user. 
Appendix D 
Table of Results 
A table containing a summary of the results for each combination of experimental 
conditions investigated can be found in Chapter 7 (see table 7.2). Full data tables 
showing the time course of deposition have been included here, showing deposition 
along the length of the test chamber wall under ultrasonic interrogation. 
Another approximately twenty experiments were performed prior to these experiments 
during the development of the test chamber. Since the test chambers were not identical 
to the final test chamber designs these result have not been included, however, the 
macroscopic appearance of the clotting patterns was similar to later experiments. 
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time 12.11 11.51 10.51 9.50 8.51 7.51 6.50 6.00 5.00 nins) 
1111111 
along Clot thickness (mm) 
wall 
0.19 6.63 7.03 6.73 6.99 6.99 6.51 6.63 6.79 - 
0.38 6.65 7.09 6.73 6.97 6.97 6.51 6.65 6.73 - 
0.58 6.66 7.13 6.73 6.99 6.96 6.49 6.66 6.68 - 
0.77 6.67 7.15 6.71 6.99 6.95 6.47 6.67 6.65 - 
0.96 6.69 7.16 6.71 6.98 6.96 6.46 6.67 6.62 - 
1.15 6.71 7.15 6.71 6.97 6.95 6.47 6.70 6.61 - 
1.35 6.77 7.17 6.77 6.95 6.97 6.47 6.71 6.59 - 
1.54 6.82 7.18 6.82 6.93 6.99 6.47 6.73 6.57 5.03 
1.73 6.85 7.22 6.85 6.93 7.01 6.50 6.78 6.57 5.08 
1.92 6.91 7.25 6.89 6.93 7.02 6.54 6.84 6.57 5.12 
2.12 6.98 7.25 6.92 6.95 7.04 6.59 6.91 6.61 5.13 
2.31 7.03 7.24 6.98 6.99 7.04 6.64 6.96 6.68 5.13 
2.50 7.06 7.22 7.01 7.04 7.06 6.71 7.01 6.75 5.14 
2.69 7.10 7.22 7.05 7.08 7.11 6.80 7.06 6.82 5.14 
2.88 7.13 7.24 7.12 7.11 7.17 6.91 7.13 6.89 5.12 
3.08 7.15 7.24 7.17 7.17 7.22 7.01 7.19 6.96 5.12 
3.27 7.17 7.25 7.22 7.22 7.29 7.10 7.22 7.03 5.12 
3.46 7.19 7.27 7.20 7.27 7.33 7.19 7.26 7.08 5.14 
3.65 7.20 7.31 7.19 7.33 7.36 7.27 7.29 7.13 5.16 
3.85 7.20 7.33 7.19 7.34 7.38 7.33 7.31 7.17 5.14 
4.04 7.17 7.36 7.19 7.38 7.40 7.36 7.33 7.19 5.14 
4.23 7.13 7.38 7.19 7.42 7.42 7.38 7.33 7.17 5.17 
4.42 7.13 7.40 7.20 7.43 7.45 7.41 7.31 7.15 5.24 
4.62 7.17 7.40 7.24 7.45 7.49 7.43 7.29 7.13 5.31 
4.81 7.22 7.40 7.29 7.49 7.49 7.45 7.27 7.13 5.35 
5.00 7.27 7.42 7.31 7.52 7.49 7.47 7.24 7.17 5.38 
5.19 7.34 7.45 7.33 7.58 7.45 7.48 7.24 7.22 5.42 
5.38 7.41 7.50 7.34 7.63 7.42 7.50 7.24 7.27 5.45 
5.58 7.47 7.56 7.38 7.66 7.38 7.53 7.26 7.31 5.47 
5.77 7.52 7.59 7.41 7.68 7.36 7.53 7.27 7.36 5.49 
5.96 7.59 7.65 7.45 7.72 7.38 7.55 7.29 7.41 5.51 
6.15 7.67 7.66 7.48 7.74 7.40 7.59 7.31 7.45 5.51 
6.35 7.74 7.70 7.52 7.75 7.42 7.62 7.34 7.50 5.49 
6.54 7.76 7.77 7.52 7.77 7.43 7.64 7.36 7.53 5.42 
6.73 7.76 7.88 7.52 7.77 7.45 7.66 7.34 7.59 5.35 
6.92 7.74 7.97 7.50 7.75 7.47 7.67 7.29 7.62 5.33 
7.12 7.73 8.04 7.52 7.74 7.49 7.67 7.24 7.62 5.33 
7.31 7.69 8.04 7.53 7.70 7.52 7.67 7.17 7.59 5.33 
7.50 7.67 8.02 7.57 7.68 7.56 7.67 7.10 7.53 5.35 
7.69 7.66 8.00 7.62 7.68 7.59 7.66 7.03 7.48 5.37 
7.88 7.66 7.99 7.66 7.72 7.63 7.67 7.03 7.41 5.38 
8.08 7.66 7.95 7.71 7.75 7.63 7.67 7.03 7.34 5.40 
8.27 7.66 7.93 7.76 7.79 7.65 7.66 7.03 7.33 5.42 
8.46 7.67 7.93 7.80 7.84 7.68 7.64 7.01 7.31 5.44 
8.65 7.71 7.91 7.81 7.90 7.72 7.62 7.03 7.31 5.47 
8.85 7.74 7.88 7.81 7.95 7.75 7.60 7.08 7.27 5.51 
9.04 7.78 7.86 7.81 7.97 7.77 7.59 7.19 7.22 5.54 
9.23 7.81 7.84 7.80 7.99 7.79 7.57 7.29 7.19 5.51 
9.42 7.85 7.88 7.76 7.99 7.81 7.53 7.41 7.17 5.58 
9.62 7.85 7.91 7.71 7.95 7.79 7.50 7.53 7.15 5.65 
9.81 7.85 7.93 7.71 7.91 7.79 7.47 7.64 7.17 5.72 
10.00 7.85 7.95 7.73 7.86 7.77 7.43 7.66 7.20 5.77 
10.19 7.85 7.99 7.73 7.81 7.75 7.43 7.66 7.26 5.82 
10.38 7.85 8.04 7.67 7.77 7.74 7.43 7.66 7.29 5.86 
10.58 7.85 8.07 7.64 7.72 7.72 7.45 7.66 7.33 5.84 
Continues on following page... 
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Continued from previous page 
MM 
along Clot thickness (mm) 
wall 
10.77 7.85 8.09 7.62 7.66 7.70 7.47 7.66 7.36 5.80 
10.96 7.85 8.13 7.62 7.63 7.68 7.48 7.67 7.41 5.77 
11.15 7.83 8.15 7.62 7.63 7.68 7.50 7.67 7.48 5.73 
11.35 7.81 8.15 7.64 7.63 7.68 7.52 7.67 7.53 5.77 
11.54 7.78 8.15 7.66 7.65 7.68 7.55 7.66 7.59 5.70 
11.73 7.76 8.16 7.67 7.66 7.68 7.59 7.64 7.62 5.52 
11.92 7.73 8.20 7.62 7.68 7.68 7.60 7.62 7.62 5.33 
12.12 7.67 8.22 7.57 7.72 7.68 7.62 7.60 7.59 5.25 
12.31 7.66 8.22 7.52 7.75 7.70 7.60 7.60 7.55 5.15 
12.50 7.64 8.20 7.52 7.77 7.70 7.59 7.59 7.53 5.05 
12.69 7.59 8.13 7.52 7.79 7.68 7.55 7.57 7.52 5.00 
12.88 7.53 8.04 7.52 7.79 7.66 7.53 7.53 7.47 4.97 
13.08 7.50 7.93 7.50 7.77 7.65 7.52 7.45 7.38 - 
13.27 7.48 7.83 7.47 7.75 7.63 7.50 7.36 7.29 - 
13.46 7.45 7.75 7.41 7.74 7.61 7.47 7.33 7.20 - 
13.65 7.41 7.70 7.38 7.72 7.59 7.44 7.29 7.15 - 
13.85 7.36 7.61 7.33 7.72 7.61 7.41 7.24 7.12 - 
14.04 7.33 7.52 7.27 7.70 7.61 7.40 7.17 7.09 - 
14.23 7.29 7.47 7.22 7.67 7.62 7.39 7.12 7.09 - 
14.42 7.24 7.41 7.17 7.64 7.61 7.40 - 7.05 - 
14.62 7.19 7.33 7.12 7.62 7.62 - - - - 
14.81 7.17 7.31 7.06 7.60 7.63 - - - - 
15.00 7.15 7.32 7.03 7.62 7.65 - - - - 
15.19 7.12 - 7.03 7.64 7.66 - - - - 
15.38 7.07 - 7.05 7.67 7.68 - - - - 
15.58 7.03 - 7.04 7.71 7.72 - - - - 
15.77 7.02 - 7.03 7.75 7.75 - - - - 
15.96 - - 7.04 7.76 7.79 - - - - 
16.15 - - 7.06 7.79 7.84 - - - - 
16.35 - - 7.08 7.83 7.89 - - - - 
16.54 - - - 7.86 7.93 - - - - 
16.73 - - - 7.90 7.96 - - - - 
16.92 - - - 7.94 7.99 - - - - 
17.12 - - - - 8.00 - - - - 
17.31 - - - - 8.02 - - - - 
17.50 - - - - 8.04 - - - - 
17.69 - - - - 8.06 - - - - 
17.88 - - - - 8.07 - - - - 
18.08 - - - - 8.09 - - - - 
18.27 - - - - 8.09 - - - - 
18.46 - - - - 8.10 - - - - 
18.65 - - - - 8.10 - - - - 
18.85 - - - - 8.11 - - - - 
19.04 - - - - 8.12 - - - - 
19.23 - - - - 8.14 - - - - 
19.42 - - - - - - - - - 
19.62 - - - - - - - - - 
19.81 - - - - - - - - - 
20.00 - - - - - - - - - 
20.19 - - - 7.25 - - - - - 
20.38 - - - 7.25 - - - - - 
20.58 - - 7.17 7.25 - - - - - 
20.77 - - 7.15 7.25 - - - - - 
20.96 - - 7.13 - - - - - - 
21.15 - - 7.12 - - - - - - 
21.35 - - 7.10 - 7.61 - - - - 
21.54 - - 7.09 - 7.59 - - - - 
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MM 
along Clot thickness (mm) 
wa ll 
21.73 - 	 - 7.07 - 7.57 - - - 	 - 
21.92 - 	 - 7.04 - 7.54 - - - 	 - 
22.12 - 	 - 7.00 - 7.51 - - - 	 - 
22.31 - 	 - 6.97 - 7.51 - - - 	 - 
22.50 - 	 - 6.93 - 7.52 - - - 	 - 
22.69 - 	 - 6.89 - 7.50 - - - 	 - 
22.88 - 	 - 6.84 - 7.48 - - - 	 - 
23.08 - 	 - 6.78 - 7.45 - - - 	 - 
23.27 - 	 - 6.72 - - - - - 	 - 
23.46 - 	 - 6.66 - - - - - 	 - 
23.65 - 	 - 6.63 - - - - - 	 - 
23.85 6.28 - 6.60 - - - - - 	 - 
24.04 6.28 	- 6.56 - - - - - 	 - 
24.23 6.28 - 6.51 - - - - - 	 - 
24.42 - 	 - 6.47 - - - - - 	 - 
28.27 - 	 - 2.88 - - - - - 	 - 
28.46 - 	 - 2.86 - - - - - 	 - 
28.65 - 	 - 2.86 - - - - - 	 - 
28.85 - 	 - 2.86 - - - - - 	 - 
29.04 - 	 - 2.87 - - - - - 	 - 
29.23 - 	 - 2.87 - - - - - 	 - 
29.42 - 	 - 2.85 - - - - - 	 - 
29.62 - 	 - 2.82 - - - - - 	 - 
29.81 - 	 - 2.81 - - - - - 	 - 
30.00 - 	 - 2.80 - - - - - 	 - 
30.19 - 	 - 2.82 - - - - - 	 - 
45.77 - 	 0.59 0.58 0.72 0.59 0.58 0.71 0.58 - 
45.96 - 	 0.62 0.60 0.73 0.59 0.58 0.69 0.60 	- 
46.15 - 	 0.64 0.63 0.74 0.59 0.60 0.67 0.63 - 
46.35 - 	 0.65 0.64 0.74 0.61 0.62 0.66 0.64 	- 
46.54 - 	 0.69 0.65 0.73 0.63 0.63 0.67 0.65 - 
46.73 - 	 0.71 0.68 0.73 0.64 0.66 068 068 	- 
46.92 - 	 0.75 0.72 0.75 0.66 0.70 0.70 0.72 - 
47.12 - 	 0.78 0.75 0.77 0.68 0.73 0.70 0.75 	- 
47.31 - 	 0.82 0.77 0.77 0.71 0.75 0.72 0.77 - 
47.50 - 	 0.86 0.79 0.77 0.75 0.77 0.73 0.79 	- 
47.69 - 	 0.87 0.80 0.77 0.78 0.79 0.75 0.82 - 
47.88 - 	 0.89 0.82 0.77 0.82 0.82 0.79 0.86 	- 
48.08 - 	 0.89 0.82 0.77 0.84 0.86 0.82 0.87 - 
48.27 - 	 0.89 0.82 0.78 0.87 0.87 0.86 0.89 	- 
48.46 - 	 0.89 0.82 0.80 0.89 0.89 0.89 0.91 - 
48.65 - 	 0.87 0.82 0.84 0.91 0.91 0.91 0.91 	- 
48.85 - 	 0.86 0.80 0.86 0.93 0.89 0.91 0.89 - 
49.04 - 	 0.84 0.80 0.87 0.94 0.87 0.91 0.89 	- 
49.23 - 	 0.82 0.80 0.89 0.94 0.86 0.91 0.89 - 
49.42 - 	 0.80 0.80 0.89 0.93 0.86 0.89 0.89 	- 
49.62 - 	 0.78 0.82 0.89 0.91 0.86 0.87 0.89 - 
49.81 - 	 0.78 0.84 0.89 0.89 0.87 0.86 0.87 	- 
50.00 - 	 0.77 0.86 0.89 0.87 0.86 0.84 0.87 - 
50.19 - 	 0.75 0.86 0.87 0.87 0.84 0.84 0.86 	- 
50.38 - 	 0.75 0.84 0.84 0.86 0.82 0.82 0.84 - 
50.58 - 	 0.75 0.82 0.80 0.84 0.79 0.80 0.80 	- 
50.77 - 	 0.73 0.80 0.77 0.82 0.75 0.77 0.79 - 
50.96 - 	 0.71 0.79 0.73 0.80 0.73 0.75 0.77 	- 
51.15 - 	 0.70 0.75 0.68 0.77 0.72 0.73 0.73 - 
51.35 - 	 0.68 0.73 0.62 0.75 0.70 0.72 0.70 	- 
51.54 - 	 0.66 0.73 0.59 0.73 0.68 0.68 0.68 - 
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RIM 
along Clot thickness (mm) 
wall 
51.73 - 	0.62 0.72 0.55 0.71 0.66 0.66 0.65 	- 
51.92 - 	0.59 0.70 0.52 0.70 0.65 0.65 0.61 - 
52.12 - 	0.59 0.66 0.48 0.68 0.61 0.63 0.56 	- 
52.31 - 	0.59 0.65 0.46 0.66 0.58 0.59 0.54 - 
52.50 - 	0.55 0.65 0.46 0.64 0.54 0.56 0.52 	- 
52.69 - 	0.52 0.65 0.46 0.62 0.54 0.52 0.52 - 
52.88 - 	0.52 0.65 0.46 0.62 0.54 0.52 0.52 	- 
53.08 - 	0.53 0.65 0.46 0.62 0.54 0.52 0.52 - 
53.27 - 	0.53 0.65 0.48 0.64 0.54 0.52 0.52 	- 
53.46 - 	0.53 0.63 0.50 0.64 0.54 0.52 0.52 - 
53.65 - 	0.53 0.61 0.52 0.64 0.54 0.54 0.52 	- 
53.85 - 	0.55 0.59 0.53 0.64 0.54 0.56 0.54 - 
54.04 - 	0.57 0.58 0.55 0.64 0.52 0.58 0.56 	- 
54.23 - 	0.57 0.58 0.57 0.64 0.54 0.58 0.58 - 
54.42 - 	0.57 0.58 0.59 0.64 0.56 0.58 0.58 	- 
54.62 - 	0.59 0.58 0.59 0.64 0.58 0.59 0.58 - 
54.81 - 	0.61 0.58 0.59 0.64 0.58 0.63 0.58 	- 
55.00 - 	0.61 0.58 0.59 0.62 0.58 0.65 0.58 - 
55.19 - 	0.59 0.58 0.59 0.61 0.58 0.65 0.59 	- 
55.38 - 	0.59 0.58 0.59 0.59 0.58 0.65 0.61 - 
55.58 - 	0.59 0.59 0.59 0.59 0.58 0.65 0.63 	- 
55.77 - 	0.59 0.61 0.59 0.61 0.58 0.65 0.65 - 
55.96 - 	0.61 0.63 0.61 0.62 0.58 0.65 0.66 	- 
56.15 - 	0.62 0.65 0.62 0.64 0.59 0.65 0.68 - 
56.35 - 	0.64 0.66 0.64 0.66 0.61 0.65 0.68 	- 
56.54 - 	0.68 0.68 0.66 0.68 0.61 0.65 0.68 - 
56.73 - 	0.70 0.68 0.68 0.70 0.63 0.65 0.70 	- 
56.92 - 	0.71 0.68 0.70 0.70 0.65 0.63 0.72 - 
57.12 - 	0.73 0.68 0.71 0.71 0.66 0.61 0.73 	- 
57.31 - 	0.73 0.68 0.73 0.73 0.66 0.61 0.73 - 
57.50 - 	0.73 0.68 0.75 0.73 0.66 0.61 0.72 	- 
57.69 - 	0.73 0.66 0.75 0.73 0.68 0.61 0.70 - 
57.88 - 	0.75 0.66 0.77 0.71 0.70 0.63 0.68 	- 
58.08 - 	0.73 0.66 0.77 0.70 0.70 0.63 0.66 - 
58.27 - 	0.71 0.66 0.75 0.68 0.66 0.61 0.65 	- 
58.46 - 	0.70 0.65 0.73 0.66 0.63 0.61 0.65 - 
58.65 - 	0.66 0.63 0.71 0.64 0.61 0.61 0.65 	- 
58.85 - 	0.65 0.63 0.71 0.63 0.60 0.62 0.63 - 
59.04 - 	0.63 0.64 0.70 0.63 0.58 0.62 0.62 	- 
59.23 - 	0.61 0.65 0.69 0.61 0.55 0.62 0.60 - 
59.42 - 	0.62 0.66 0.67 0.59 0.55 0.63 0.58 	- 
59.62 - 	0.62 0.67 0.65 0.59 0.54 0.64 0.58 - 
'on 
time 12.00 11.51 10.51 9.50 8.50 7.50 6.51 5.51 5.01 4.51 4.01 3.50 3.00 2.51 (mins) 
lniii 
along Clot thickness (mm) 
wall 
0.19 3.69 3.63 4.71 4.12 4.42 4.12 4.26 4.33 4.06 3.56 2.95 0.64 0.77 0.65 
0.38 3.68 3.67 4.67 4.12 4.42 4.12 4.31 4.34 4.04 3.57 2.97 0.66 0.77 0.64 
0.58 3.70 3.70 4.64 4.12 4.40 4.12 4.35 4.38 4.03 3.61 2.98 0.67 0.75 0.66 
0.77 3.72 3.73 4.62 4.14 4.36 4.14 4.38 4.40 4.00 3.63 2.99 0.68 0.75 0.68 
0.96 3.77 3.75 4.60 4.16 4.33 4.16 4.40 4.42 3.98 3.65 3.02 0.69 0.75 0.69 
1.15 3.81 3.80 4.56 4.17 4.30 4.17 4.44 4.42 3.95 3.67 3.04 0.70 0.75 0.70 
1.35 3.85 3.89 4.49 4.19 4.27 4.17 4.53 4.44 3.91 3.67 3.08 0.72 0.75 0.70 
1.54 3.90 3.99 4.41 4.21 4.23 4.17 4.62 4.46 3.91 3.67 3.11 0.73 0.77 0.70 
1.73 3.95 4.08 4.34 4.22 4.21 4.19 4.67 4.48 3.93 3.69 3.15 0.89 0.89 0.71 
1.92 4.00 4.19 4.27 4.26 4.20 4.21 4.67 4.49 3.93 3.72 3.18 1.05 1.00 0.75 
2.12 4.06 4.28 4.21 4.31 4.20 4.24 4.67 4.49 3.93 3.76 3.20 1.19 1.10 0.78 
2.31 4.14 4.35 4.18 4.37 4.20 4.28 4.65 4.48 3.93 3.79 3.23 1.29 1.19 0.80 
2.50 4.25 4.40 4.14 4.42 4.21 4.30 4.63 4.49 3.93 3.81 3.27 1.38 1.26 0.82 
2.69 4.34 4.46 4.11 4.46 4.25 4.33 4.62 4.49 3.91 3.81 3.29 1.47 1.33 0.82 
2.88 4.37 4.51 4.09 4.49 4.30 4.33 4.60 4.51 3.91 3.81 3.32 1.54 1.38 0.84 
3.08 4.37 4.56 4.07 4.53 4.35 4.33 4.62 4.51 3.91 3.79 3.37 1.70 1.36 0.84 
3.27 4.37 4.58 4.07 4.56 4.41 4.33 4.62 4.53 3.93 3.78 3.43 1.85 1.35 0.84 
3.46 4.39 4.58 4.07 4.58 4.46 4.35 4.60 4.53 3.96 3.79 3.46 2.01 1.35 0.84 
3.65 4.41 4.56 4.09 4.60 4.49 4.39 4.58 4.53 3.98 3.81 3.48 2.17 1.33 0.84 
3.85 4.42 4.56 4.11 4.62 4.51 4.40 4.58 4.55 3.98 3.81 3.48 2.20 1.21 0.84 
4.04 4.44 4.55 4.13 4.62 4.53 4.42 4.58 4.56 3.98 3.81 3.48 2.24 1.08 0.82 
4.23 4.44 4.53 4.14 4.60 4.53 4.44 4.58 4.58 3.98 3.81 3.48 2.26 0.96 0.78 
4.42 4.41 4.51 4.16 4.56 4.56 4.46 4.63 4.63 3.98 3.83 3.48 2.31 0.86 0.77 
4.62 4.35 4.51 4.18 4.53 4.58 4.49 4.69 4.67 4.00 3.85 3.48 2.40 0.77 0.75 
4.81 4.30 4.49 4.20 4.53 4.60 4.49 4.74 4.69 4.03 3.85 3.50 2.48 0.70 0.73 
5.00 4.30 4.47 4.20 4.51 4.60 4.51 4.79 4.69 4.07 3.85 3.48 2.59 0.63 0.70 
5.19 4.30 4.46 4.20 4.51 4.62 4.53 4.84 4.70 4.10 3.86 3.43 2.60 0.72 0.66 
5.38 4.30 4.46 4.20 4.51 4.65 4.56 4.90 4.70 4.15 3.88 3.37 2.62 0.82 0.64 
5.58 4.28 4.46 4.25 4.53 4.67 4.60 4.98 4.72 4.19 3.88 3.34 2.62 0.91 0.62 
5.77 4.28 4.46 4.30 4.55 4.70 4.62 5.07 4.74 4.20 3.88 3.34 2.62 0.91 0.62 
5.96 4.30 4.46 4.34 4.56 4.74 4.63 5.14 4.74 4.20 3.90 3.36 2.60 0.91 0.64 
6.15 4.32 4.49 4.39 4.56 4.77 4.65 5.17 4.74 4.20 3.92 3.37 2.60 0.93 0.66 
6.35 4.35 4.53 4.46 4.56 4.79 4.65 5.21 4.72 4.20 3.93 3.39 2.64 0.94 0.70 
6.54 4.39 4.56 4.51 4.60 4.76 4.67 5.21 4.67 4.20 3.93 3.39 2.67 0.96 0.71 
6.73 4.42 4.58 4.58 4.63 4.74 4.67 5.21 4.62 4.19 3.93 3.39 2.69 0.98 0.73 
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wII 
6.92 4.46 4.62 4.65 4.65 4.72 4.69 5.21 4.58 4.17 3.93 3.39 2.69 1.12 0.77 
7.12 4.51 4.65 4.74 4.65 4.70 4.71 5.21 4.55 4.15 3.93 3.43 2.67 1.26 0.93 
7.31 4.56 4.69 4.83 4.65 4.67 4.74 5.17 4.53 4.13 3.93 3.46 2.66 1.29 1.11 k 
7.50 4.62 4.71 4.91 4.65 4.62 4.78 5.14 4.51 4.10 3.93 3.46 2.64 1.29 1.28 
7.69 4.67 4.72 4.93 4.67 4.58 4.80 5.09 4.49 4.08 3.92 3.46 2.66 1.29 1.46 
7.88 4.70 4.72 4.93 4.69 4.56 4.80 5.03 4.46 4.08 3.90 3.44 2.69 1.31 1.62 H 
8.08 4.72 4.72 4.93 4.69 4.56 4.78 5.00 4.42 4.13 3.86 3.43 2.73 1.31 1.76 
8.27 4.74 4.69 4.90 4.71 4.56 4.76 4.98 4.39 4.17 3.83 3.43 2.74 1.31 1.87 
tx 
8.46 4.76 4.63 4.84 4.72 4.58 4.72 4.95 4.37 4.22 3.79 3.43 2.74 1.31 1.87 
8.65 4.79 4.60 4.81 4.72 4.60 4.67 4.90 4.41 4.25 3.76 3.43 2.74 1.29 1.89 
8.85 4.83 4.58 4.76 4.72 4.60 4.63 4.84 4.44 4.29 3.72 3.41 2.74 1.31 1.89 
9.04 4.86 4.58 4.70 4.71 4.60 4.60 4.77 4.48 4.32 3.72 3.39 2.78 1.19 1.87 
9.23 4.88 4.58 4.63 4.72 4.62 4.56 4.70 4.51 4.36 3.72 3.34 2.80 1.07 1.73 tj 
9.42 4.88 4.58 4.58 4.72 4.63 4.51 4.63 4.55 4.37 3.72 3.29 2.81 0.96 1.59 Ci 
9.62 4.86 4.58 4.53 4.71 4.65 4.44 4.56 4.60 4.39 3.72 3.27 2.83 0.87 1.43 
9.81 4.84 4.58 4.49 4.65 4.67 4.39 4.51 4.65 4.39 3.74 3.25 2.83 0.79 1.27 H 
10.00 4.83 4.60 4.49 4.60 4.67 4.35 4.48 4.72 4.37 3.76 3.23 2.81 0.77 1.11 
10.19 4.83 4.62 4.49 4.56 4.65 4.33 4.44 4.79 4.32 3.78 3.23 2.80 0.77 0.96 
10.38 4.83 4.63 4.51 4.53 4.63 4.31 4.42 4.86 4.27 3.79 3.22 2.78 0.77 0.86 
10.58 4.83 4.67 4.53 4.49 4.60 4.33 4.42 4.93 4.20 3.81 3.20 2.74 0.79 0.87 
10.77 4.79 4.69 4.55 4.46 4.58 4.37 4.44 4.95 4.15 3.83 3.16 2.69 0.82 0.89 
10.96 4.76 4.71 4.56 4.42 4.56 4.40 4.46 4.97 4.10 3.85 3.15 2.64 0.84 0.93 
11.15 4.72 4.71 4.58 4.40 4.53 4.44 4.49 4.97 4.05 3.85 3.11 2.57 0.87 0.96 
11.35 4.69 4.69 4.58 4.37 4.49 4.47 4.53 4.90 4.00 3.83 3.09 2.55 0.91 0.98 
11.54 4.67 4.65 4.56 4.33 4.46 4.49 4.56 4.81 3.96 3.81 3.09 2.53 0.93 0.98 
11.73 4.67 4.60 4.55 4.30 4.42 4.51 4.58 4.70 3.95 3.79 3.11 2.52 0.94 0.96 
11.92 4.69 4.56 4.53 4.30 4.37 4.53 4.58 4.60 3.93 3.79 3.13 2.52 0.96 0.94 
12.12 4.70 4.56 4.48 4.31 4.32 4.53 4.56 4.51 3.91 3.78 3.15 2.50 0.96 0.94 
12.31 4.62 4.56 4.44 4.35 4.27 4.51 4.53 4.42 3.89 3.74 3.13 2.48 0.94 0.94 
12.50 4.53 4.55 4.39 4.37 4.21 4.49 4.49 4.32 3.89 3.71 3.09 2.48 0.93 0.94 
12.69 4.42 4.47 4.30 4.37 4.14 4.42 4.44 4.18 3.88 3.67 2.85 2.50 0.89 0.91 
12.88 4.34 4.39 4.21 4.35 4.04 4.33 4.35 4.06 3.84 3.64 2.62 2.36 0.86 0.87 
13.08 4.25 4.30 4.13 4.31 3.93 4.21 4.23 3.90 3.79 3.34 2.40 2.20 0.80 0.84 
13.27 4.16 4.21 4.04 4.28 3.84 4.10 4.11 3.74 3.74 3.04 2.19 2.03 0.75 0.78 
13.46 4.07 4.14 3.97 4.22 3.74 4.00. 3.99 3.65 3.67 2.76 1.98 1.84 0.70 0.73 
13.65 4.02 4.08 3.92 4.17 3.64 3.93 3.86 3.67 3.64 2.48 1.75 1.64 0.66 0.73 
13.85 3.97 4.06 3.88 4.15 3.53 3.88 3.76 3.71 3.60 2.20 1.50 1.47 0.63 0.74 
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14.04 3.90 4.05 3.86 4.14 3.53 3.86 3.76 3.76 3.58 2.19 1.92 1.28 0.59 	0.76 
14.23 3.83 3.99 3.86 4.10 3.55 3.86 3.76 3.78 3.58 2.19 2.34 1.08 0.56 	0.76 
14.42 3.86 3.94 3.86 4.06 3.57 3.88 3.78 3.79 3.60 2.19 2.78 0.89 0.54 	0.72 k 
14.62 3.90 3.92 3.88 4.05 3.58 3.89 3.79 3.83 3.62 2.19 3.25 0.68 0.54 - 
14.81 3.95 3.96 3.93 4.05 3.64 3.95 3.83 3.92 3.67 2.19 3.95 0.49 0.54 	- 
15.00 4.00 4.01 3.99 4.06 3.72 4.02 3.92 3.99 3.74 2.19 4.63 0.47 0.54 - 
15.19 4.06 4.08 4.04 4.10 3.81 4.11 4.04 4.11 3.83 2.45 5.31 0.47 0.54 	- 
15.38 4.11 4.17 4.09 4.14 3.91 4.18 4.16 4.25 3.93 2.71 5.31 0.49 0.54 - 
15.58 4.16 4.26 4.14 4.19 4.02 4.25 4.27 4.39 4.05 2.97 5.31 0.51 0.54 	- 
15.77 4.16 4.35 4.14 4.22 4.14 4.30 4.37 4.42 4.13 3.27 5.31 0.52 0.54 - 
15.96 4.18 4.42 4.13 4.22 4.25 4.31 4.48 4.44 4.20 3.58 5.31 0.52 0.54 	- 
16.15 4.21 4.49 4.11 4.21 4.27 4.31 4.48 4.42 4.24 3.62 4.65 0.52 0.54 - 
16.35 4.27 4.56 4.09 4.19 4.25 4.31 4.48 4.42 4.24 3.65 3.99 0.54 0.56 	- 
16.54 4.30 4.63 4.06 4.15 4.23 4.30 4.48 4.39 4.22 3.71 3.32 0.56 0.58 - 
Cn 
16.73 4.32 4.69 4.02 4.12 4.23 4.30 4.46 4.35 4.19 3.76 2.64 0.58 0.58 	- 
16.92 4.34 4.62 3.99 4.08 4.23 4.31 4.42 4.30 4.15 3.81 1.94 0.58 0.58 - H 
17.12 4.35 4.55 3.95 4.05 4.25 4.31 4.40 4.25 4.10 3.86 1.26 0.58 0.58 	- 
Cn 
17.31 4.27 4.44 3.92 4.01 4.27 4.33 4.38 4.18 4.06 3.81 0.58 0.58 0.58 - 
17.50 4.16 4.31 3.88 3.98 4.28 4.35 4.35 4.11 4.00 3.76 0.58 0.58 0.58 	- 
17.69 4.06 4.19 3.85 3.94 4.28 4.37 4.34 4.04 3.94 3.79 0.58 0.58 0.58 - 
17.88 3.97 4.08 3.85 3.92 4.27 4.39 4.33 3.97 3.88 3.78 0.58 0.58 0.58 	- 
18.08 3.86 3.98 3.85 3.92 4.25 4.40 - 3.92 3.81 3.75 0.58 0.58 0.58 - 
18.27 3.76 3.85 3.83 3.92 4.23 4.39 - 3.90 3.77 3.71 0.58 0.59 0.58 	- 
18.46 3.64 3.73 3.81 3.92 4.21 4.33 - 3.88 3.76 3.65 0.58 0.61 0.58 - 
18.65 3.57 3.60 3.79 3.92 4.18 4.30 - 3.90 3.74 . 	 - 0.56 0.63 0.58 	- 
18.85 3.51 3.48 3.78 3.92 4.11 4.24 - 3.92 3.75 - 0.54 0.65 0.58 - 
19.04 3.44 3.49 3.76 3.92 4.04 4.17 - 3.92 3.76 - 0.52 0.66 0.58 	- 
19.23 3.37 3.53 3.74 3.92 3.95 4.10 - 3.92 3.74 - 0.51 0.68 0.58 - 
19.42 3.41 3.58 3.74 3.92 3.86 4.05 - 3.92 3.73 - 0.51 0.68 0.58 	- 
19.62 3.48 3.64 3.74 3.92 3.79 3.99 - 3.92 3.72 - 0.51 0.66 0.58 - 
19.81 3.53 3.69 3.76 3.92 3.72 3.96 - 3.92 3.71 - 0.51 0.65 0.58 	- 
20.00 3.58 3.73 3.78 3.92 3.67 3.92 - 3.92 3.70 - 0.49 0.63 0.58 - 
20.19 3.64 3.76 3.79 3.92 3.65 3.89 - 3.92 3.72 - 0.47 0.61 0.58 	- 
20.38 3.69 3.80 3.83 3.92 3.64 3.87 - 3.90 3.72 - 0.45 0.59 0.58 - 
20.58 3.74 3.83 3.88 3.92 3.64 3.89 3.81 3.88 3.74 - 0.44 0.56 0.58 	- 
20.77 3.72 3.85 3.93 3.92 3.65 3.89 3.82 3.85 3.76 - 0.45 0.52 0.58 - 
20.96 3.71 3.87 3.99 3.90 3.69 3.89 3.80 3.81 3.72 - 0.47 0.49 0.58 	- 
Continues on following page... 
Continued from previous page 
mm 
along Clot thickness (mm) 
wall tri 
21.15 3.72 3.89 4.02 3.89 3.74 3.89 3.68 3.79 3.70 - 0.49 0.45 0.58 	- 
21.35 3.72 3.87 4.04 3.87 3.79 3.89 3.58 3.76 3.72 - 0.51 0.42 0.58 	- 
21.54 3.71 3.83 4.02 3.85 3.85 3.87 3.50 3.73 3.72 - 0.51 0.40 0.58 	- k 
21.73 3.67 3.80 3.97 3.83 3.88 3.87 3.48 3.70 3.72 - 0.51 0.40 0.59 	- 
21.92 3.65 3.74 3.92 3.78 3.92 3.87 3.44 3.65 3.70 - 1.12 0.40 0.61 	- 
22.12 3.64 3.67 3.88 3.74 3.95 3.87 3.43 3.59 3.69 - 1.75 0.40 0.61 	- 
22.31 3.60 3.60 3.85 3.69 3.95 3.85 3.43 3.54 3.62 - 2.38 0.40 0.61 	- 
22.50 3.53 3.53 3.81 3.62 3.95 3.81 3.43 3.47 3.55 - 3.02 0.40 0.59 	- tx 
22.69 3.46 3.44 3.74 3.55 3.92 3.78 3.41 3.40 3.45 3.14 3.67 0.42 0.59 	- 
22.88 3.41 3.39 3.67 3.48 3.88 3.76 3.39 3.35 3.35 3.13 4.28 0.44 0.61 	- 
23.08 3.36 3.33 3.58 3.42 3.83 3.74 3.39 3.31 3.29 3.10 4.88 0.45 0.61 	- 
23.27 3.29 3.26 3.51 3.39 3.76 3.71 3.48 3.30 3.22 3.08 5.47 0.47 0.61 	- 
23.46 3.23 3.21 3.44 3.35 3.71 3.67 3.55 3.29 3.16 3.06 6.08 0.49 0.63 	- 01 
23.65 3.20 3.17 3.39 3.32 3.65 3.64 3.62 3.27 3.12 3.02 6.71 0.51 0.63 	- 
23.85 3.16 3.14 3.36 3.26 3.58 3.58 3.62 3.25 3.10 2.99 7.33 0.52 0.61 	- 
24.04 3.15 3.12 3.30 3.24 3.53 3.51 3.62 3.25 3.10 2.94 7.33 0.54 0.59 	- 
24.23 3.13 3.10 3.23 3.21 3.50 3.42 3.60 3.27 3.12 2.88 7.36 0.56 0.59 	
- 
24.42 3.11 3.08 3.16 3.17 3.48 3.37 3.58 3.29 3.17 2.85 7.38 0.58 0.59 	- 
24.62 3.09 3.08 3.08 3.16 3.43 3.32 3.57 3.32 3.19 2.83 7.38 0.58 0.61 	- 
24.81 3.08 3.08 3.01 3.14 3.41 3.26 3.58 3.27 3.19 2.83 7.36 0.58 0.61 	- 
25.00 3.06 3.03 2.94 3.12 3.39 3.17 3.57 3.22 3.17 2.80 7.34 0.58 0.58 	- 
25.19 3.04 2.98 2.88 3.12 3.39 3.08 3.51 3.15 3.16 2.78 7.36 0.58 0.56 	- 
25.38 3.02 2.94 2.85 3.12 3.39 3.03 3.46 3.06 3.12 2.78 7.38 0.58 0.56 	- 
25.58 3.01 2.94 2.85 3.12 3.37 3.03 3.43 2.99 3.10 2.78 7.38 0.58 0.54 	- 
25.77 2.99 2.94 2.85 3.12 3.36 3.05 3.43 2.94 3.10 2.80 7.34 0.56 0.54 	- 
25.96 2.97 2.94 2.87 3.14 3.36 3.07 3.50 2.90 3.09 2.81 7.33 0.56 0.54 	- 
26.15 2.94 2.92 2.88 3.14 3.32 3.08 3.57 2.88 3.07 2.85 7.33 0.56 0.52 	- 
26.35 2.88 2.91 2.88 3.14 3.29 3.10 3.53 2.85 3.02 2.90 7.29 0.58 0.51 	- 
26.54 2.85 2.89 2.88 3.16 3.22 3.10 3.46 2.80 2.97 2.97 7.24 0.59 0.49 	- 
26.73 2.81 2.83 2.88 3.14 3.16 3.12 3.39 2.74 2.95 3.01 7.19 0.59 0.49 	- 
26.92 2.78 2.80 2.88 3.12 3.11 3.10 3.30 2.80 2.95 3.02 6.57 0.59 0.49 	- 
27.12 2.74 2.82 2.88 3.12 3.06 3.12 3.27 2.85 2.97 3.01 5.98 0.58 0.51 	- 
27.31 2.71 2.82 2.87 3.10 3.01 3.14 3.27 2.90 2.95 2.99 5.37 0.56 0.52 	- 
27.50 2.67 2.80 2.81 3.07 2.95 3.14 3.25 2.94 2.95 2.95 5.37 0.54 0.52 	- 
27.69 2.66 2.78 2.73 3.03 2.88 3.10 3.23 2.95 2.93 2.92 5.38 0.52 0.52 	- 
27.88 2.64 2.76 2.64 3.01 2.81 3.05 3.18 2.97 2.92 2.90 5.42 0.54 0.51 	- 
28.08 2.64 2.73 2.57 2.98 2.74 2.99 3.06 2.99 2.90 2.87 5.47 0.54 0.49 	- 
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28.27 2.62 2.71 2.52 2.96 2.69 2.94 2.94 2.99 2.88 2.85 5.51 0.54 0.51 	- 
28.46 2.62 2.73 2.48 2.94 2.62 2.89 2.92 2.99 2.88 2.83 5.52 0.54 0.52 	- 
28.65 2.64 2.75 2.47 2.92 2.57 2.85 2.92 3.01 2.88 2.80 5.58 0.68 0.54 	- k 
28.85 2.67 2.78 2.47 2.94 2.52 2.82 2.92 3.02 2.85 2.73 5.63 0.84 0.54 	- 
29.04 2.71 2.78 2.41 2.98 2.47 2.82 2.92 2.97 2.81 2.67 6.24 0.98 0.54 	- 
29.23 2.74 2.73 2.36 2.91 2.41 2.80 2.90 2.90 2.76 2.67 6.85 1.14 0.54 	- 
29.42 2.71 2.67 2.33 2.83 2.36 2.78 2.88 2.83 2.73 2.69 7.48 1.14 0.54 	- 
29.62 2.67 2.64 2.31 2.76 2.31 2.78 2.88 2.80 2.70 2.71 7.48 1.17 0.54 	- 
29.81 2.62 2.57 2.33 2.69 2.27 2.76 2.88 2.78 2.68 2.74 7.45 1.35 0.52 	- 
30.00 2.59 2.51 2.34 2.60 2.26 2.73 2.88 2.78 2.65 2.75 6.84 1.54 0.52 	- 
30.19 2.53 2.48 2.36 2.55 2.26 2.69 2.88 2.78 2.62 2.76 6.19 1.73 0.52 	- 
30.38 2.50 2.44 2.36 2.50 2.26 2.66 2.88 2.78 2.58 - 5.56 1.92 0.51 	- 
30.58 2.47 2.37 2.36 2.46 2.26 2.65 2.88 2.76 2.55 - 4.95 2.10 0.51 	- tj 
30.77 2.41 2.30 2.36 2.42 2.29 2.65 2.88 2.73 2.50 - 4.34 2.13 0.51 	- 
30.96 2.38 2.23 2.36 2.35 2.36 2.65 2.88 2.69 2.48 - 3.71 2.17 0.51 	- 
31.15 2.34 2.19 2.41 2.26 2.41 2.65 2.88 2.71 2.48 - 3.09 2.03 0.49 	- H 
31.35 2.31 2.17 2.47 2.32 2.47 2.66 2.88 2.74 2.48 - 2.48 1.89 0.47 	- 
31.54 2.34 2.17 2.53 2.37 2.52 2.66 2.86 2.76 2.48 - 1.85 1.91 0.45 	- 
31.73 2.38 2.15 2.60 2.41 2.57 2.65 2.84 2.76 2.46 - 1.24 1.89 0.45 	- 
31.92 2.40 2.12 2.66 2.43 2.60 2.63 2.81 2.74 2.44 - 0.63 1.75 0.47 	- 
32.12 2.40 2.07 2.69 2.45 2.62 2.63 2.78 2.71 2.40 - 0.61 1.56 0.49 	- 
32.31 2.40 2.03 2.71 2.44 2.60 2.63 2.74 2.66 2.36 2.72 0.61 1.36 0.49 	- 
32.50 2.40 2.01 2.73 2.42 2.60 2.62 2.71 2.60 2.31 2.75 0.59 1.17 0.49 	- 
32.69 2.41 2.03 2.76 2.41 2.57 2.61 2.66 2.59 2.26 2.74 0.56 0.98 0.47 	- 
32.88 2.43 2.05 2.76 2.39 2.52 2.58 2.60 2.55 2.23 2.74 0.52 0.79 0.45 	- 
33.08 2.43 2.07 2.74 2.41 2.48 2.53 2.53 2.48 2.20 2.73 0.52 0.61 0.44 	- 
33.27 2.41 2.09 2.71 2.41 2.47 2.48 2.47 2.41 2.16 2.71 0.52 0.63 0.44 	- 
33.46 2.38 2.12 2.67 2.37 2.47 2.41 2.40 2.38 2.14 2.71 0.52 0.65 0.45 	- 
33.65 2.34 2.16 2.62 2.35 2.47 2.37 2.36 2.38 2.15 2.71 0.51 0.66 0.47 	- 
33.85 2.31 2.20 2.59 2.35 2.47 2.34 2.33 2.38 2.15 2.72 0.49 0.66 0.47 	- 
34.04 2.29 2.26 2.55 2.34 2.38 2.28 2.31 2.38 2.16 2.72 0.49 0.65 0.47 	- 
34.23 2.27 2.34 2.50 2.34 2.37 2.25 2.27 2.38 2.15 2.72 0.47 0.65 0.47 	- 
34.42 2.26 2.37 2.47 2.35 2.37 2.22 2.25 2.38 2.15 - 0.47 0.65 0.49 	- 
34.62 2.22 2.39 2.43 2.38 2.36 2.18 2.22 2.38 2.15 - 0.47 0.65 0.49 	- 
34.81 2.19 2.37 2.34 2.39 2.39 2.14 2.21 2.34 2.16 - 0.49 0.65 0.49 	- 
35.00 2.16 2.37 2.31 - 2.44 2.11 2.20 2.35 2.17 - 0.52 0.63 0.49 	- 
35.19 2.12 2.37 2.29 - - - 2.21 2.39 - - 0.54 0.59 0.51 	- 
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35.38 2.09 2.38 2.28 - - - 	 2.45 - - 	 0.54 0.56 0.52 	- Z 
35.58 2.08 2.38 2.28 - - - 	 2.47 - - 	 0.52 0.52 0.52 	- 
35.77 - 2.39 2.28 - - - 	 2.47 - - 	 0.52 0.49 0.52 	- k 
35.96 - - - - - - 	 - - - 	 0.54 0.49 0.52 	- tz 
36.15 - - - - - - 	 - - - 	 0.56 0.49 0.51 	- 
36.35 - - - - - - 	 - - - 	 0.56 0.47 0.49 	- 
36.54 - - - - - - 	 - - - 	 0.54 0.45 0.47 	- 
36.73 - - - - - - 	 - - - 	 0.52 0.44 0.49 	- 
36.92 - - - - - - - 	 - - - 	 0.51 0.42 0.51 	- 
37.12 - - - - •- - - 	 - - - 	 0.47 0.42 0.52 	- o 
37.31 - - - - - - - 	 - 2.20 - 	 0.45 0.44 0.51 	- 
37.50 - - - - - - - 	 - 2.20 - 	 0.45 0.44 0.49 	- 
37.69 - - - - - - - 	 - 2.20 - 	 0.47 0.44 0.47 	- LZI 
37.88 - - - - - 2.06 - 	 - 2.20 - 	 0.49 0.44 0.47 	- 
38.08 - - - - - 2.06 - 	 - 2.20 - 	 0.49 0.42 0.47 	- 
38.27 - - - - - 2.06 - 	 - 2.20 - 	 0.47 0.40 0.49 	- 
38.46 - - - - - 2.06 - 	 - - - 	 0.47 0.40 0.49 	
- (ID 
38.65 - - - - - - - 	 - - - 	 0.47 0.40 0.49 	- 
38.85 - - - - - - - 	 - - - 	 0.47 0.40 0.47 	- 
39.04 - - - - - - - 	 - - - 	 0.47 0.40 0.45 	- 
39.23 - - - - - - - 	 - - - 	 0.47 0.40 0.44 	- 
39.42 - - - - - - - 	 - - - 	 0.45 0.38 0.44 	- 
39.62 - - - - - - - 	 - - - 	 0.44 0.38 0.45 	- 
39.81 - - - - - - - 	 - - - 	 0.44 0.40 0.47 	- 
40.00 - - - - - - - 	 - - - 	 0.44 0.42 0.47 	- 
40.19 - - - - - - - 	 - - - 	 0.44 0.44 0.47 	- 
40.38 1.46 1.46 - - - - 1.88 - - - 	 0.45 0.45 0.47 	- 
40.58 1.46 1.47 1.47 1.44 - - 1.88 	- - - 	 0.47 0.45 0.49 	- 
40.77 1.46 1.47 1.47 1.43 - - 1.88 - - - 	 0.49 0.45 0.51 	- 
40.96 1.46 1.46 1.47 1.42 1.41 - 1.88 	- - - 	 0.49 0.45 0.52 	- 
41.15 1.45 1.45 - 1.42 1.46 - 1.88 - - - 	 0.49 0.45 0.54 	- 
41.35 1.44 1.44 - 1.41 1.47 - - 	 - - - 	 0.49 0.45 0.54 	- 
41.54 1.44 1.44 - 1.41 1.47 - - 	 - - - 	 0.49 0.45 0.54 	- 
41.73 1.44 1.44 - 1.39 1.413 - - 	 - - - 	 0.49 0.45 0.52 	- 
41.92 1.42 1.44 - 1.37 1.46 - - 	 - - - 	 0.47 0.44 0.52 	- 
42.12 1.42 1.43 - 1.39 1.47 - - 	 - - - 	 0.47 0.42 0.52 	- 
42.31 1.41 1.41 - 1.41 1.49 - - 	 - - - 	 0.47 0.40 0.52 	- 
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42.50 1.41 1.39 - 1.41 1.51 - - - - - 0.47 0.38 0.52 	- 
42.69 1.41 1.38 - 1.41 1.54 - - - - - 0.45 0.40 0.52 	- 
42.88 1.40 1.38 - 1.42 - - - - - - 0.44 0.42 0.52 	- k 
43.08 1.40 1.37 - 1.42 - - - - - - 0.45 0.44 0.52 	- 
43.27 1.40 1.37 - 1.43 - - - - - - 0.47 0.47 0.52 	- 
43.46 1.41 1.37 - 1.44 - - - - - - 0.49 0.49 0.54 	- 
43.65 - - - - - - - - - - 0.51 0.51 0.56 	- 
43.85 - - - - - - - - - - 0.52 0.52 0.58 	- 
44.04 - - - - - - - - - - 0.54 0.54 0.58 	- 
44.23 - - - - - - - - - - 0.54 0.56 0.58 	- 
44.42 - - - - - - - - - - 0.56 0.58 0.58 	- 
44.62 - - - - - - - - - - 0.58 0.59 0.58 	- 
44.81 - - - - - - - - - - 0.61 0.59 0.59 	- 
45.00 - - - - - - - - - - 0.66 0.59 0.61 - 
45.19 - - - - - - - - - - 0.72 0.61 0.63 	- 
45.38 - - - - - - - - - - 0.77 0.61 0.65 	- Cl) 
45.58 - - - - - - - - - - 0.82 0.65 0.66 	
- 
45.77 1.06 0.98 0.99 1.08 1.12 1.11 1.25 1.28 1.16 1.25 0.87 0.68 0.70 	- 
45.96 1.07 1.04 1.07 1.15 1.18 1.18 1.29 1.35 1.21 1.26 0.94 0.72 0.73 	- 
46.15 1.06 1.08 1.13 1.20 1.23 1.23 1.30 1.39 1.25 1.30 1.03 0.77 0.77 	- 
46.35 1.07 1.11 1.18 1.24 1.26 1.26 1.32 1.43 1.28 1.32 1.12 0.82 0.82 	- 
46.54 1.08 1.14 1.21 1.27 1.29 1.29 1.35 1.46 1.30 1.35 1.19 0.86 0.87 	- 
46.73 1.10 1.16 1.24 1.30 1.31 1.32 1.36 1.47 1.32 1.36 1.26 0.89 0.93 	- 
46.92 1.17 1.23 1.31 1.37 1.36 1.39 1.40 1.52 1.37 1.40 1.33 0.93 0.94 	- 
47.12 1.24 1.30 1.38 1.43 1.42 1.44 1.43 1.56 1.42 1.45 1.38 0.98 0.96 	- 
47.31 1.29 1.37 1.45 1.48 1.45 1.50 1.45 1.59 1.46 1.47 1.42 1.01 0.96 	- 
47.50 1.33 1.41 1.49 1.53 1.47 1.53 1.45 1.63 1.53 1.50 1.45 1.07 0.96 	- 
47.69 1.35 1.44 1.50 1.57 1.45 1.55 1.47 1.63 1.58 1.56 1.49 1.10 0.96 	- 
47.88 1.36 1.48 1.50 1.57 1.43 1.57 1.49 1.61 1.61 1.61 1.50 1.14 0.94 	- 
48.08 1.40 1.50 1.49 1.57 1.42 1.57 1.49 1.59 1.65 1.64 1.50 1.17 0.91 	- 
48.27 1.45 1.52 1.47 1.57 1.40 1.57 1.50 1.59 1.68 1.66 1.49 1.19 0.87 	- 
48.46 1.47 1.53 1.45 1.57 1.38 1.57 1.50 1.59 1.72 1.70 1.47 1.19 0.82 	- 
48.65 1.49 1.55 1.43 1.55 1.36 1.57 1.50 1.61 1.75 1.71 1.47 1.21 0.79 	- 
48.85 1.49 1.57 1.42 1.53 1.35 1.57 1.50 1.64 1.78 1.73 1.47 1.21 0.75 	- 
49.04 1.47 1.57 1.40 1.52 1.35 1.57 1.50 1.68 1.80 1.75 1.49 1.21 0.73 	- 
49.23 1.45 1.57 1.38 1.50 1.35 1.57 1.50 1.71 1.82 1.75 1.50 1.17 0.72 	- 
49.42 1.43 1.59 1.38 1.48 1.36 1.59 1.52 1.75 1.85 1.75 1.52 1.14 0.72 	- 
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49.62 1.43 1.59 1.38 1.46 1.38 1.60 1.54 1.78 1.87 1.77 1.52 1.08 0.70 	- Z 
49.81 1.43 1.59 1.42 1.46 1.40 1.62 1.57 1.82 1.89 1.78 1.52 1.05 0.68 	- 
50.00 1.43 1.59 1.43 1.46 1.42 1.64 1.61 1.85 1.89 1.80 1.54 1.00 0.66 	- k 
50.19 1.42 1.59 1.45 1.46 1.43 1.66 1.64 1.89 1.87 1.80 1.56 0.96 0.66 	- 
50.38 1.42 1.59 1.47 1.46 1.45 1.68 1.68 1.92 1.85 1.80 1.56 0.93 0.66 	- 
50.58 1.43 1.59 1.49 1.48 1.49 1.69 1.71 1.96 1.84 1.78 1.54 0.91 0.66 	- H 
50.77 1.45 1.57 1.50 1.52 1.52 1.71 1.73 1.98 1.82 1.80 1.50 0.87 0.63 	- 
50.96 1.47 1.55 1.52 1.55 1.54 1.73 1.75 1.98 1.80 1.82 1.49 0.86 0.59 	- 
51.15 1.49 1.53 1.52 1.57 1.56 1.75 1.77 1.98 1.80 1.84 1.45 0.84 0.58 	- 
51.35 1.49 1.52 1.52 1.59 1.59 1.76 1.78 1.98 1.80 1.84 1.43 0.82 0.56 - 
51.54 1.4,9 1.50 1.52 1.60 1.59 1.76 1.80 1.98 1.78 1.85 1.42 0.82 0.54 	- 
51.73 1.47 1.50 1.50 1.62 1.59 1.73 1.82 1.98 1.75 1.85 1.42 0.80 0.54 	- 
51.92 1.45 1.50 1.47 1.62 1.59 1.69 1.80 1.98 1.72 1.85 1.40 0.79 0.54 	- tj 
52.12 1.43 1.50 1.45 1.60 1.57 1.66 1.78 1.96 1.72 1.85 1.36 0.79 0.54 	- Cn Ci 
52.31 1.43 1.50 1.45 1.59 1.57 1.62 1.77 1.94 1.73 1.85 1.33 0.77 0.54 	- 
52.50 1.42 1.52 1.45 1.57 1.57 1.62 1.75 1.91 1.75 1.85 1.31 0.75 0.54 - H 
52.69 1.40 1.53 1.47 1.53 1.56 1.62 1.73 1.87 1.75 1.85 1.31 0.75 0.54 	
- CI 
52.88 1.38 1.55 1.49 1.50 1.54 1.62 1.73 1.85 1.78 1.84 1.29 0.77 0.56 	- 
53.08 1.36 1.57 1.47 1.44 1.56 1.62 1.73 1.85 1.82 1.82 1.28 0.79 0.58 	- 
53.27 1.36 1.57 1.47 1.41 1.57 1.62 1.73 1.84 1.89 1.80 1.26 0.80 0.58 	- 
53.46 1.38 1.59 1.49 1.37 1.56 1.62 1.71 1.80 1.96 1.80 1.22 0.84 0.58 	- 
53.65 1.40 1.59 1.49 1.35 1.56 1.60 1.70 1.75 1.99 1.78 1.19 0.86 0.58 	- 
53.85 1.42 1.59 1.50 1.35 1.56 1.62 1.68 1.70 2.01 1.75 1.15 0.89 0.58 	- 
54.04 1.413 1.60 1.56 1.35 1.56 1.64 1.66 1.64 2.02 1.71 1.14 0.91 0.58 	- 
54.23 1.47 1.64 1.61 1.39 1.59 1.66 1.64 1.63 2.02 1.70 1.14 0.93 0.58 	- 
54.42 1.50 1.66 1.64 1.43 1.61 1.69 1.64 1.64 2.01 1.70 1.15 0.94 0.59 	- 
54.62 1.54 1.66 1.66 1.44 1.63 1.69 1.64 1.66 1.99 1.70 1.19 0.96 0.61 - 
54.81 1.59 1.66 1.66 1.46 1.66 1.71 1.64 1.66 2.01 1.70 1.22 0.94 0.61 	- 
55.00 1.63 1.68 1.66 1.52 1.68 1.73 1.64 1.64 1.99 1.70 1.28 0.93 0.61 	- 
55.19 1.66 1.69 1.71 1.59 1.66 1.75 1.64 1.64 1.97 1.70 1.31 0.89 0.61 	- 
55.38 1.68 1.75 1.75 1.66 1.64 1.76 1.63 1.68 1.92 1.70 1.35 0.86 0.61 	- 
55.58 1.70 1.75 1.75 1.73 1.66 1.76 1.63 1.73 1.87 1.71 1.38 0.82 0.63 	- 
55.77 1.71 1.73 1.71 1.76 1.68 1.78 1.61 1.80 1.85 1.73 1.42 0.80 0.65 - 
55.96 1.64 1.68 1.66 1.75 1.70 1.80 1.59 1.85 1.85 1.77 1.45 0.79 0.66 	- 
56.15 1.56 1.57 1.57 1.68 1.71 1.82 1.61 1.91 1.85 1.80 1.49 0.77 0.66 	- 
56.35 1.45 1.46 1.49 1.59 1.70 1.84 1.63 1.94 1.85 1.82 1.52 0.75 0.66 - 
56.54 1.36 1.44 1.43 1.50 1.70 1.84 1.63 1.96 1.89 1.84 1.56 0.73 0.65 	- 
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56.73 1.36 1.44 1.43 1.50 1.71 1.82 1.63 1.98 1.92 1.85 1.56 0.72 0.63 	- 
56.92 1.35 1.46 1.43 1.53 1.71 1.73 1.63 2.01 1.94 1.87 1.50 0.72 0.65 	- 
57.12 1.33 1.48 1.45 1.53 1.73 1.64 1.63 2.05 1.96 1.78 1.43 0.72 0.66 	- k 
57.31 1.31 1.50 1.45 1.53 1.77 1.62 1.63 2.06 1.96 1.70 1.36 0.73 0.68 	- 
57.50 1.33 1.50 1.49 1.55 1.80 1.62 1.68 2.06 1.97 1.61 1.29 0.75 0.68 	- 
57.69 1.35 1.53 1.54 1.57 1.82 1.64 1.73 2.06 2.01 1.63 1.21 0.79 0.66 	- H 
57.88 1.36 1.59 1.61 1.59 1.84 1.68 1.82 2.06 2.04 1.64 1.12 0.79 0.65 	- 
58.08 1.47 1.68 1.68 1.64 1.85 1.71 1.91 2.08 2.08 1.68 1.03 0.77 0.63 	- 
58.27 1.59 1.80 1.75 1.75 1.87 1.75 1.94 2.10 2.09 1.71 0.96 0.75 0.63 	- 
58.46 1.71 1.91 1.84 1.85 1.91 1.78 1.99 2.12 2.11 1.75 0.89 0.73 0.63 	- 
58.65 1.82 1.96 1.89 1.96 1.94 1.82 2.05 2.12 2.13 1.78 0.80 0.72 0.63 	- 
58.85 1.83 1.98 1.90 2.00 1.94 1.84 2.08 2.12 2.13 1.77 0.73 0.71 0.63 	- 
59.04 1.84 1.98 1.92 2.00 1.94 1.94 2.12 2.12 2.14 1.75 0.71 0.71 0.62 	- tri 
59.23 1.88 1.99 1.92 2.01 1.95 2.06 2.16 2.12 2.15 1.88 0.70 0.70 0.60 	- 
59.42 1.92 1.99 1.92 2.02 1.95 2.10 2.23 2.12 2.18 2.03 0.69 0.69 0.58 	- 
59.62 1.92 1.99 1.89 1.99 1.96 2.12 2.24 2.12 2.20 2.24 C.67 0.67 0.58 	- Cn 
© 
billie _.. 	11.01 	10.52 	9.51 	8.51 	7.52 	6.51 	6.02 	5.52 	5.01 	4.52 	4.02 	3.51 	3.02 
along Clot thickness (mm) 
wall 
0.19 6.83 6.86 6.86 6.86 7.12 6.76 6.93 6.73 6.83 6.76 6.54 - 	 - 
0.38 6.87 6.90 6.87 6.87 7.12 6.81 7.00 6.76 6.87 6.81 6.54 - 	 - 
0.58 6.90 6.92 6.88 6.88 7.12 6.85 7.06 6.78 6.90 6.87 6.54 - 	 - 
0.77 6.92 6.94 6.88 6.88 7.12 6.88 7.10 6.79 6.92 6.92 6.54 5.83 - 
0.96 6.94 6.96 6.88 6.88 7.10 6.92 7.14 6.83 6.94 6.96 6.54 5.85 	- 
1.15 6.96 6.98 6.92 6.89 7.08 6.96 7.17 6.85 6.96 6.98 6.54 5.87 - 
1.35 7.01 7.01 6.98 6.94 7.06 7.03 7.24 6.91 7.01 7.03 6.54 5.88 	- 
1.54 7.05 7.05 7.01 6.99 7.05 7.10 7.31 6.98 7.06 7.08 6.54 5.88 - 
1.73 7.06 7.08 7.03 7.03 7.05 7.17 7.38 7.05 7.10 7.13 6.54 5.91 	- 
1.92 7.06 7.10 7.05 7.06 7.06 7.20 7.42 7.08 7.13 7.15 6.54 5.94 - 
2.12 7.06 7.13 7.08 7.10 7.10 7.24 7.45 7.12 7.17 7.17 6.54 5.98 	- 
2.31 7.06 7.15 7.12 7.13 7.13 7.24 7.45 7.15 7.19 7.17 6.54 6.01 - 
2.50 7.08 7.17 7.15 7.17 7.17 7.24 7.47 7.19 7.20 7.19 6.56 6.05 	- 
2.69 7.12 7.20 7.20 7.20 7.20 7.24 7.50 7.22 7.22 7.19 6.63 6.07 - 
2.88 7.17 7.26 7.27 7.24 7.24 7.24 7.54 7.27 7.24 7.19 6.71 6.08 	- 
3.08 7.22 7.33 7.34 7.27 7.27 7.22 7.58 7.31 7.26 7.19 6.80 6.10 - 
3.27 7.27 7.40 7.38 7.29 7.31 7.20 7.61 7.34 7.27 7.20 6.87 6.10 	- 
3.46 7.33 7.47 7.38 7.27 7.34 7.19 7.61 7.38 7.27 7.22 6.94 6.10 - 
3.65 7.40 7.53 7.40 7.24 7.38 7.15 7.59 7.38 7.27 7.24 6.98 6.10 	- 
3.85 7.47 7.59 7.41 7.20 7.38 7.13 7.59 7.38 7.26 7.26 6.99 6.08 - 
4.04 7.53 7.64 7.45 7.15 7.36 7.15 7.59 7.36 7.26 7.27 7.01 6.05 	- 
4.23 7.59 7.66 7.45 7.08 7.33 7.19 7.59 7.34 7.26 7.29 7.05 6.03 - 
4.42 7.64 7.67 7.45 7.01 7.29 7.24 7.54 7.34 7.26 7.31 7.08 6.05 	- 
4.62 7.67 7.67 7.45 6.94 7.26 7.22 7.47 7.34 7.26 7.31 7.10 6.07 - 
4.81 7.69 7.66 7.43 6.91 7.20 7.20 7.42 7.36 7.26 7.29 7.05 6.10 	- 
5.00 7.67 7.62 7.40 6.87 7.15 7.19 7.36 7.38 7.26 7.27 6.98 6.12 - 
5.19 7.66 7.57 7.36 6.85 7.13 7.20 7.31 7.40 7.26 7.27 6.91 6.14 	- 
5.38 7.64 7.50 7.33 6.85 7.19 7.22 7.24 7.36 7.26 7.27 6.85 6.14 - 
5.58 7.64 7.45 7.33 6.85 7.26 7.26 7.22 7.33 7.26 7.27 6.82 6.14 	- 
5.77 7.64 7.41 7.34 6.89 7.33 7.31 7.24 7.31 7.26 7.29 6.82 6.14 - 
5.96 7.64 7.41 7.38 6.92 7.41 7.34 7.24 7.31 7.27 7.31 6.84 6.17 	- 
6.15 7.64 7.43 7.40 6.98 7.47 7.33 7.25 7.33 7.27 7.33 6.85 6.22 - 
6.35 7.64 7.47 7.43 7.06 7.52 7.29 7.25 7.34 7.27 7.34 6.92 6.24 	- 
6.54 7.62 7.50 7.45 7.15 7.55 7.26 7.33 7.34 7.27 7.38 6.99 6.21 - 
6.73 7.60 7.53 7.45 7.24 7.59 7.29 7.38 7.36 7.27 7.41 7.06 6.17 	- 
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6.92 7.59 7.57 7.45 7.29 7.64 7.33 7.40 7.34 7.26 7.48 7.13 6.12 - 
7.12 7.59 7.59 7.45 7.31 7.67 7.36 7.42 7.31 7.24 7.55 7.20 6.07 - 
7.31 7.60 7.59 7.47 7.31 7.69 7.36 7.42 7.27 7.22 7.62 7.20 6.01 - k 
7.50 7.62 7.59 7.50 7.29 7.62 7.36 7.45 7.29 7.20 7.69 7.19 6.00 - 
7.69 7.62 7.57 7.53 7.27 7.52 7.34 7.47 7.31 7.20 7.76 7.15 6.00 - 
7.88 7.62 7.55 7.55 7.24 7.41 7.33 7.47 7.34 7.20 7.78 7.12 6.00 - 
8.08 7.62 7.52 7.57 7.20 7.33 7.31 7.47 7.36 7.19 7.73 7.08 5.96 4.55 
8.27 7.62 7.48 7.59 7.17 7.26 7.33 7.47 7.40 7.17 7.67 7.03 5.93 4.64 
8.46 7.64 7.45 7.62 7.13 7.19 7.36 7.50 7.43 7.17 7.62 6.91 5.91 4.71 
8.65 7.67 7.41 7.67 7.10 7.19 7.38 7.52 7.47 7.17 7.57 6.78 5.89 4.76 o 
8.85 7.71 7.40 7.66 7.05 7.19 7.40 7.56 7.47 7.15 7.52 6.66 5.87 4.73 
9.04 7.73 7.36 7.64 6.99 7.19 7.40 7.56 7.47 7.15 7.45 6.56 5.86 4.72 
9.23 7.73 7.33 7.62 6.99 7.20 7.38 7.54 7.45 7.15 7.38 6.45 5.86 4.76 
9.42 7.71 7.31 7.59 6.99 7.22 7.36 7.54 7.43 7.13 7.29 6.42 5.86 4.77 
9.62 7.67 7.33 7.53 7.01 7.24 7.36 7.52 7.41 7.12 7.20 6.38 5.86 4.77 
9.81 7.62 7.34 7.48 7.03 7.27 7.38 7.49 7.40 7.10 7.12 6.35 5.82 4.79 
10.00 7.57 7.33 7.43 7.05 7.31 7.40 7.45 7.36 7.10 7.05 6.31 5.77 4.74 
Cl) 
10.19 7.50 7.31 7.36 7.06 7.31 7.41 7.42 7.31 7.10 7.05 6.26 5.72 4.70 
10.38 7.45 7.27 7.27 7.06 7.33 7.40 7.34 7.24 7.10 7.05 6.22 5.68 4.67 
10.58 7.40 7.26 7.20 7.05 7.36 7.36 7.27 7.17 7.08 7.05 6.21 5.63 4.63 
10.77 7.34 7.24 7.13 7.03 7.34 7.34 7.20 7.15 7.10 7.03 6.21 5.59 4.58 
10.96 7.29 7.22 7.15 7.03 7.33 7.33 7.13 7.17 7.12 7.01 6.22 5.58 4.60 
11.15 7.26 7.22 7.17 7.01 7.27 7.34 7.09 7.20 7.12 6.99 6.24 5.58 4.60 
11.35 7.24 7.27 7.19 6.98 7.22 7.40 7.08 7.26 7.10 6.98 6.28 5.59 4.63 
11.54 7.20 7.34 7.20 6.92 7.17 7.47 7.06 7.31 7.10 6.96 6.31 5.61 4.67 
11.73 7.19 7.41 7.26 6.87 7.13 7.52 7.04 7.36 7.10 6.94 6.36 5.63 4.69 
11.92 7.19 7.48 7.33 6.85 7.10 7.50 7.04 7.40 7.10 6.91 6.33 5.65 4.70 
12.12 7.20 7.53 7.40 6.91 7.06 7.48 7.04 7.43 7.08 6.89 6.31 5.65 4.71 
12.31 7.24 7.55 7.45 6.96 7.05 7.47 7.04 7.47 7.05 6.87 6.31 5.63 4.70 
12.50 7.24 7.55 7.52 6.94 7.01 7.47 7.04 7.48 6.99 6.85 6.29 5.56 4.69 
12.69 7.19 7.48 7.53 6.91 6.96 7.45 7.01 7.48 6.87 6.82 6.22 5.51 4.67 
12.88 7.10 7.40 7.55 6.87 6.89 7.41 6.97 7.41 6.70 6.77 6.14 5.44 4.68 
13.08 6.96 7.29 7.43 6.84 6.84 7.38 6.92 7.19 6.52 6.71 6.01 5.42 - 
13.27 6.80 7.13 7.32 6.77 6.80 7.29 6.86 6.94 6.35 6.57 5.86 5.38 - 
13.46 6.67 6.96 7.22 6.71 6.76 7.18 6.80 6.71 6.20 6.42 5.69 5.31 - 
13.65 6.57 6.79 7.13 6.68 6.70 7.04 6.74 6.48 6.06 6.27 5.54 5.22 - 
13.85 6.49 6.63 7.02 6.67 6.64 6.89 6.67 6.27 5.93 6.12 5.41 5.10 - 
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Clot thickness (mm) 
14.04 6.44 6.49 6.91 6.63 6.56 6.78 6.60 6.08 5.80 6.00 5.37 	- 	 - 
14.23 6.37 6.40 6.80 6.55 6.48 6.67 6.52 5.90 5.69 5.89 5.33 	- 	 - 
14.42 6.30 6.33 6.73 6.46 6.38 6.55 6.43 5.75 5.60 5.79 5.30 - 	 - 
14.62 6.25 6.28 6.66 6.46 6.29 6.42 6.36 5.63 5.55 5.70 5.30 	- 	 - 
14.81 6.23 6.29 6.59 6.48 6.24 6.29 6.29 5.54 5.59 5.66 5.35 - 	 - 
15.00 6.25 6.33 6.52 6.51 6.21 6.19 6.24 5.47 5.64 5.65 5.40 	- 	 - 
15.19 6.34 6.38 6.59 6.55 6.17 6.15 6.20 5.54 5.69 5.65 5.47 	- 	 - 
15.38 6.44 6.49 6.65 6.62 6.17 6.15 6.17 5.63 5.76 5.73 5.56 	- 	 - 
15.58 6.53 6.57 6.68 6.66 6.18 6.16 6.14 5.72 5.82 5.84 5.63 	- 	 - 
15.77 6.59 6.65 6.70 6.68 6.20 6.16 6.11 5.81 5.87 5.94 5.70 	- 	 - 
15.96 6.63 6.71 6.70 6.70 6.21 6.17 6.07 5.87 5.92 6.01 5.74 	- 	 - 
16.15 6.63 6.75 6.68 6.70 6.24 6.19 6.05 5.91 5.94 6.08 5.79 	- 	 - 
16.35 6.63 6.77 6.64 6.64 6.27 6.20 6.04 5.94 5.94 6.15 5.82 - 	 - 
16.54 6.59 6.78 6.57 6.59 6.28 6.21 6.04 5.96 5.94 6.22 5.85 	- 	 - 
16.73 6.56 6.75 6.50 6.52 6.29 6.21 6.06 5.97 5.91 6.29 5.87 	- 	 - 
16.92 6.50 6.70 6.45 6.47 6.29 6.21 6.11 5.96 5.87 6.33 - 	 - 	 - 
17.12 6.45 6.64 6.40 6.40 6.29 6.19 6.14 5.94 5.82 6.35 - 	 - 	 - 
17.31 6.38 6.57 6.35 6.33 6.26 6.10 6.19 5.93 5.79 6.36 - 	 - 	 - 
17.50 6.31 6.50 6.28 6.29 6.24 6.08 6.24 5.93 5.76 6.38 - 	 - 	 - 
17.69 6.21 6.43 6.19 6.29 6.24 6.07 6.31 5.91 5.73 6.40 - 	 - 	 - 
17.88 6.10 6.33 6.11 6.29 6.26 6.07 6.40 5.89 5.71 6.42 - 	 - 	 - 
18.08 6.00 6.23 6.03 6.31 6.29 6.03 6.51 5.87 5.69 6.42 - 	 - 	 - 
18.27 5.93 6.13 5.98 6.33 6.33 5.98 6.59 5.87 5.71 6.44 - 	 - 	 - 
18.46 5.86 6.02 5.94 6.34 6.29 5.94 6.65 5.86 5.71 6.45 - 	 - 	 - 
18.65 5.82 5.95 5.93 6.30 6.29 5.92 6.70 5.86 5.70 6.47 - 	 - 	 - 
18.85 5.79 5.94 5.91 6.28 6.29 5.89 6.74 5.86 5.70 6.46 - 	 - 	 - 
19.04 5.77 5.92 5.89 6.25 6.28 5.87 6.77 5.87 5.70 6.44 - 	 - 	 - 
19.23 5.75 5.90 5.86 6.22 6.26 5.86 6.78 - 5.71 - - 	 - 	 - 
19.42 5.75 5.88 5.82 6.22 6.26 5.86 6.77 - 5.72 - - 	 - 	 - 
19.62 5.77 5.87 5.80 6.20 6.22 5.82 6.76 - 5.74 - - 	 - 	 - 
19.81 5.80 5.83 5.80 6.20 6.17 5.80 6.70 - - - - 	 - 	 - 
20.00 5.82 5.83 5.82 6.20 6.12 5.80 6.63 - - - - 	 - 	 - 
20.19 5.84 5.86 5.82 6.16 6.08 5.84 6.54 - - - - 	 - 	 - 
20.38 5.86 5.89 5.82 6.11 6.07 5.89 6.47 - - - - 	 - 	 - 
20.58 5.87 5.94 5.79 6.10 6.12 5.94 6.40 - - - - 	 - 	 - 
20.77 5.87 5.98 5.77 6.13 6.17 5.99 6.33 - - - - 	 - 	 - 
20.96 5.87 6.05 5.77 6.16 6.21 6.03 6.26 - - - - 	 - 	 - 
Continues on following page... 
C 
Cl) 




Clot thickness (mm) 
21.15 5.87 6.12 5.77 6.18 6.23 6.07 6.20 - - - 	 - 	 - 	 - 
21.35 5.87 6.19 5.77 6.20 6.24 6.12 6.14 - - - 	 - 	 - 	 - 
21.54 5.84 6.28 5.77 6.19 6.23 6.13 6.08 - - - 	 - 	 - 	 - 
21.73 5.79 6.36 5.77 6.17 6.22 6.14 6.04 - - - 	 - 	 - 	 - 
21.92 5.76 6.38 5.79 6.12 6.20 6.12 6.02 - - - 	 - 	 - 	 - 
22.12 5.74 6.38 5.80 6.07 6.16 6.08 6.01 - - - 	 - 	 - 	 - 
22.31 5.73 6.35 5.82 6.03 6.09 6.05 6.01 - - - 	 - 	 - 	 - 
22.50 5.71 6.31 5.84 6.01 6.01 6.01 5.99 - - - 	 - 	 - 	 - 
22.69 5.71 6.28 5.86 5.98 5.92 5.94 5.94 5.80 - 5.77 - 	 - 	 - 
22.88 5.74 6.26 5.86 5.95 5.83 5.92 5.94 5.77 - 5.77 	- 	 - 	 - 
23.08 5.80 6.21 5.82 5.92 5.74 5.89 5.94 5.73 - 5.77 - 	 - 	 - 
23.27 5.85 6.17 5.79 5.88 5.67 5.88 5.93 5.69 - - 	 - 	 - 	 - 
23.46 5.91 6.14 5.75 5.82 5.59 5.88 5.94 5.65 - - 	 - 	 - 	 - 
23.65 5.97 6.08 5.72 5.75 5.56 5.90 5.95 5.60 - - 	 - 	 - 	 - 
23.85 6.03 5.98 5.68 5.73 5.53 - - 5.54 5.38 - 	 - 	 - 	 - 
24.04 6.10 5.94 5.65 5.71 5.50 - - 5.46 5.37 - 	 - 	 - 	 - 
24.23 6.14 5.92 5.61 5.67 5.47 - - 5.36 5.35 - 	 - 	 - 	 - 
24.42 6.15 5.91 5.56 5.63 5.45 - - 5.24 5.34 - 	 - 	 - 	 - 
24.62 6.14 5.92 5.52 5.58 - - - 5.14 5.32 - 	 - 	 - 	 - 
24.81 6.08 5.92 5.50 - - - - 5.05 5.30 - 	 - 	 - 	 - 
25.00 6.05 5.90 5.48 - - - - 4.97 5.28 - 	 - 	 - 	 - 
25.19 6.00 5.88 5.48 - - - - 4.92 5.24 - 	 - 	 - 	 - 
25.38 5.94 5.83 5.46 - - - - 4.89 5.21 - 	 - 	 - 	 - 
25.58 5.87 5.78 5.48 - - - - 4.85 5.17 - 	 - 	 - 	 - 
25.77 5.80 5.73 5.50 - - - - 4.82 5.16 - 	 - 	 - 	 - 
25.96 5.73 5.73 5.51 - - 4.97 - 4.80 5.14 4.81 - 	 - 	 - 
26.15 5.66 5.73 5.53 - - 4.92 4.93 4.80 5.13 4.78 	- 	 - 	 - 
26.35 5.63 5.69 5.54 - - 4.86 4.96 4.82 5.11 4.78 - 	 - 	 - 
26.54 5.59 5.65 5.55 - - 4.81 5.00 4.86 5.09 4.78 	- 	 - 	 - 
26.73 5.56 5.59 5.54 5.22 - 4.77 5.03 4.93 5.08 4.78 	3.08 	- 	 - 
26.92 5.52 5.52 5.50 5.25 - 4.74 5.03 5.00 5.08 4.78 	3.08 	- 	 - 
27.12 5.45 5.45 5.47 5.26 5.48 4.70 5.01 5.03 5.08 4.78 3.08 	- 	 - 
27.31 5.38 5.38 5.44 5.26 5.66 4.65 4.98 5.00 5.09 - 	 3.08 	- 	 - 
27.50 5.49 5.33 5.40 5.23 5.82 4.60 4.93 4.97 5.10 - 	 - 	 - 	 - 
27.69 5.61 5.28 5.35 5.19 5.92 4.55 4.91 4.95 5.11 - 	 - 	 - 	 - 
27.88 5.73 5.24 5.29 5.11 5.98 4.49 4.89 4.93 5.11 - 	 - 	 - 	 - 
28.08 5.84 5.21 5.23 5.03 6.05 4.4 4.86 4.91 5.11 - 	 - 	 - 	 - 








Clot thickness (mm) 
28.27 5.94 5.21 5.17 4.93 6.15 4.39 4.79 4.90 5.13 	- 	- 	- 	- 
28.46 6.03 5.24 5.11 4.81 6.22 4.35 4.70 4.88 5.17 	- - - - 
28.65 6.14 5.30 5.05 4.68 6.29 4.32 4.59 4.81 5.18 	- 	- 	- 	- 
28.85 6.24 5.37 5.00 4.52 6.36 4.28 4.48 4.72 5.19 	- - - - 
29.04 6.36 5.44 4.97 4.36 6.43 4.25 4.40 4.63 5.21 	- 	- 	- 	- 
29.23 6.45 5.49 4.94 4.22 6.40 4.21 4.34 4.58 5.23 	- - - - 
29.42 6.38 5.54 4.90 4.13 6.24 4.19 4.30 4.57 5.24 	- 	- 	- 	- 
29.62 6.17 5.49 4.89 4.08 6.07 4.17 4.28 4.56 
29.81 5.96 5.44 4.87 4.09 5.91 4.17 4.22 4.55 
30.00 5.75 5.38 4.86 4.11 5.79 4.18 4.17 4.55 
30.19 5.56 5.35 4.84 4.17 5.65 4.20 4.14 4.55 
30.38 5.35 5.28 4.82 4.25 5.47 4.23 4.12 4.53 
30.58 5.17 5.19 4.79 4.34 5.33 4.28 4.17 4.51 
30.77 5.00 5.09 4.77 4.42 5.17 4.34 4.22 4.53 
30.96 4.84 4.97 4.71 4.53 5.03 4.39 4.28 4.55 
31.15 4.69 4.84 4.63 4.62 4.90 4.44 4.33 4.55 
31.35 4.56 4.74 4.55 4.69 4.86 4.49 4.39 4.54 
31.54 4.60 4.63 4.47 4.70 4.81 4.50 4.42 4.52 
31.73 4.60 4.63 4.41 4.70 4.72 4.50 4.46 4.50 
31.92 4.62 4.65 4.35 4.62 4.62 4.48 4.49 4.47 
32.12 4.63 4.67 4.31 4.50 4.49 4.46 4.53 4.44 
32.31 4.67 4.65 4.28 4.47 4.37 4.44 4.56 4.41 
32.50 4.72 4.65 4.28 4.43 4.27 4.44 4.56 4.37 
32.69 4.74 4.63 4.28 4.41 4.16 4.42 4.49 4.30 
32.88 4.74 4.62 4.23 4.41 4.07 4.37 4.44 4.23 
33.08 4.74 4.60 4.18 4.40 3.99 4.30 4.37 4.16 
33.27 4.72 4.55 4.14 4.36 3.90 4.23 4.30 4.11 
33.46 4.69 4.48 4.18 4.31 3.81 4.16 4.21 4.04 
33.65 4.63 4.41 4.20 4.26 3.74 4.13 4.14 3.99 
33.85 4.51 4.32 4.20 4.19 3.69 4.09 4.05 3.93 
34.04 4.39 4.20 4.18 4.16 3.67 4.06 3.96 3.90 
34.23 4.25 4.06 4.11 4.16 3.65 4.04 3.86 3.86 
34.42 4.09 3.93 4.00 4.12 3.63 4.00 3.76 3.81 
34.62 3.92 3.81 3.94 4.06 3.63 3.94 3.69 3.74 
34.81 3.76 3.69 3.87 3.99 3.62 3.87 3.63 3.69 
35.00 3.62 3.55 3.85 3.90 - 3.85 3.55 3.62 
35.19 3.46 3.41 3.87 3.81 - - 3.48 3.57 
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RIM 
along Clot thickness (mm) 
wall 
35.38 3.32 3.35 3.91 - - - 3.42 3.51 - - - - 	- 
35.58 3.23 3.29 - - - - 3.39 3.48 - - - - - 
35.77 3.14 3.22 - - - - 3.35 3.44  
35.96 3.13 3.16 - - - - 3.33 3.41 - - - - 	- 
36.15 3.08 3.11 - - - - 3.32 3.37 - - - - - 
36.35 3.04 - - - - - 3.30 3.31  
36.54 - - - - - - 3.21 3.27 - - - - 	- tx 
36.73 - - - - - - 3.12 3.24 - - - - - 
36.92 - - - - - - 3.02 3.24 - - - - 	- 
37.12 - - - - - - 3.00 - - - - - 	- 
37.31 - - - 2.37 - - 2.98 - - - - - - 
37.50 - - - 2.37 - - 2.94 - - - - - 	- 
37.69 - - - 2.37 - - 2.89 - 
37.88 - - - - 1.86 - 2.81 - - - - - 	- 
38.08 - - - - 1.86 - - - - - - - 	- 
38.27 - - - - 1.86 - - - 
38.46 - - - - - - - - - - - - 	
- 
38.65 - - - - - - - - - - - - - 
38.85 - - - - - - - - - - - - 	- 
39.04 - - - - - - - - - - - - - 
39.23 - - 2.88 - - - - - - - - - 	- 
39.42 - - 2.88 - - - - - - - - - - 
39.62 - - 2.88 - - - - - - - - - 	- 
39.81 - - 2.88 - - - - - - - - - - 
45.58 1.60 1.31 1.15 1.12 0.83 0.96 1.08 1.06 1.12 1.03 0.99 0.83 	- 
45.77 1.65 1.40 1.21 1.21 0.93 1.10 1.20 1.18 1.21 1.13 1.13 0.82 	- 
45.96 1.68 1.47 1.25 1.27 1.03 1.20 1.30 1.27 1.27 1.20 1.23 0.82 	- 
46.15 1.71 1.52 1.30 1.35 1.13 1.24 1.37 1.35 1.32 1.28 1.30 0.81 	- 
46.35 1.75 1.56 1.35 1.40 1.23 1.25 1.39 1.40 1.35 1.37 1.25 0.81 	- 
46.54 1.78 1.59 1.40 1.45 1.33 1.26 1.41 1.45 1.36 1.43 1.21 0.80 	- 
46.73 1.89 1.71 1.50 1.57 1.49 1.33 1.53 1.57 1.45 1.56 1.22 0.80 	- 
46.92 1.96 1.80 1.61 1.70 1.6.4 1.42 1.64 1.66 1.52 1.68 1.24 0.80 	- 
47.12 2.01 1.89 1.70 1.78 1.78 1.50 1.76 1.75 1.59 1.80 1.33 0.79 	- 
47.31 2.05 1.92 1.75 1.80 1.92 1.56 1.85 1.85 1.66 1.91 1.38 0.77 	- 
47.50 2.06 1.94 1.78 1.82 2.06 1.57 1.85 1.94 1.70 1.96 1.38 0.73 	- 
47.69 2.06 1.94 1.82 1.84 2.10 1.56 1.85 1.98 1.73 1.99 1.36 0.72 	- 
47.88 2.08 1.96 1.87 1.85 2.13 1.50 1.87 1.99 1.77 2.03 1.33 0.73 	- 
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MM 
along Clot thickness (mm) 
will 
48.08 2.10 1.96 1.92 1.87 2.15 1.43 1.89 1.99 1.80 2.10 1.28 0.75 	- 
48.27 2.12 1.96 1.92 1.87 2.12 1.40 1.85 1.98 1.78 2.13 1.22 0.75 	- 
48.46 - 2.12 1.92 1.89 1.87 2.05 1.38 1.84 1.94 1.75 2.15 1.26 0.75 	- k 
48.65 2.06 1.89 1.84 1.87 1.96 1.36 1.82 1.91 1.71 2.08 1.29 0.75 	- 
48.85 1.98 1.85 1.78 1.85 1.87 1.35 1.78 1.89 1.70 2.01 1.33 0.75 	- 
49.04 1.89 1.84 1.73 1.84 1.78 1.31 1.75 1.89 1.68 1.94 1.36 0.75 	- 
49.23 1.84 1.80 1.70 1.84 1.70 1.35 1.75 1.91 1.68 1.85 1.33 0.79 	- 
49.42 1.80 1.78 1.66 1.84 1.63 1.40 1.75 1.92 1.71 1.77 1.36 0.82 	- 
49.62 1.78 1.78 1.64 1.84 1.59 1.45 1.75 1.94 1.75 1.66 1.40 0.86 	- 
49.81 1.78 1.78 1.66 1.84 1.61 1.49 1.75 1.96 1.77 1.63 1.43 0.87 	
- o 
50.00 1.78 1.77 1.66 1.84 1.63 1.54 1.69 1.87 1.66 1.61 1.47 0.86 	- 
50.19 1.82 1.75 1.66 1.80 1.63 1.59 1.62 1.80 1.56 1.56 1.52 0.84 	- 
50.38 1.85 1.71 1.66 1.75 1.66 1.64 1.60 1.75 1.49 1.43 1.56 0.84 	- LIA 
50.58 1.89 1.71 1.70 1.68 1.64 1.68 1.60 1.71 1.45 1.28 1.63 0.84 	- 
Cn 
50.77 1.96 1.70 1.71 1.64 1.63 1.71 1.62 1.70 1.42 1.21 1.70 0.84 	- 
50.96 2.05 1.68 1.73 1.63 1.64 1.77 1.64 1.70 1.38 1.26 1.77 0.84 	- 19 
51.15 2.10 1.63 1.75 1.61 1.66 1.82 1.66 1.70 1.42 1.29 1.84 0.84 	
- Cl) 
51.35 2.10 1.57 1.75 1.61 1.68 1.80 1.64 1.68 1.42 1.35 1.91 0.82 	- 
51.54 2.08 1.52 1.75 1.63 1.68 1.75 1.62 1.64 1.36 1.40 1.87 0.80 	- 
51.73 2.05 1.54 1.70 1.64 1.63 1.70 1.60 1.61 1.31 1.49 1.85 0.82 	- 
51.92 1.99 1.56 1.63 1.64 1.56 1.66 1.59 1.56 1.26 1.50 1.82 0.84 	- 
52.12 1.94 1.59 1.56 1.64 1.49 1.63 1.60 1.61 1.35 1.50 1.77 0.89 	- 
52.31 1.87 1.63 1.50 1.64 1.43 1.61 1.64 1.63 1.43 1.50 1.71 0.94 	- 
52.50 1.80 1.68 1.50 1.68 1.40 1.61 1.68 1.64 1.52 1.59 1.68 0.98 	- 
52.69 1.73 1.73 1.50 1.73 1.43 1.63 1.71 1.66 1.61 1.70 1.64 1.01 	- 
52.88 1.68 1.78 1.54 1.73 1.50 1.64 1.73 1.68 1.70 1.80 1.63 1.05 	- 
53.08 1.63 1.84 1.57 1.73 1.54 1.63 1.75 1.66 1.75 1.80 1.61 1.08 	- 
53.27 1.64 1.92 1.63 1.73 1.57 1.63 1.78 1.64 1.73 1.80 1.57 1.10 	- 
53.46 1.70 2.01 1.68 1.73 1.61 1.63 1.80 1.63 1.71 1.78 1.52 1.12 	- 
53.65 1.78 2.08 1.73 1.71 1.64 1.64 1.82 1.63 1.73 1.80 1.47 1.14 	- 
53.85 1.89 2.06 1.84 1.70 1.70 1.68 1.85 1.63 1.77 1.82 1.36 1.08 	- 
54.04 2.03 2.05 1.91 1.70 1.77 1.73 1.89 1.64 1.82 1.84 1.28 1.03 	- 
54.23 2.17 2.03 1.98 1.70 1.8.4 1.78 1.93 1.68 1.85 1.85 1.21 0.96 	- 
54.42 2.29 2.03 2.03 1.73 1.91 1.84 1.96 1.75 1.87 1.87 1.14 0.89 	- 
54.62 2.33 2.03 2.06 1.75 1.98 1.87 2.00 1.82 1.87 1.87 1.14 0.84 	- 
54.81 2.33 1.99 2.10 1.77 2.05 1.87 2.00 1.89 1.85 1.89 1.12 0.79 	- 
55.00 2.31 1.98 2.12 1.78 1.99 1.84 1.96 1.91 1.84 1.91 1.08 0.73 	- 
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MM 
along Clot thickness (mm) 
wall 01 
55.19 2.29 1.94 2.13 1.77 1.94 1.80 1.93 1.92 1.92 1.91 1.05 0.68 	- Z 
55.38 2.24 1.89 2.10 1.75 1.87 1.75 1.87 1.91 2.01 1.91 1.03 0.66 	- 
55.58 2.19 1.84 2.06 1.68 1.80 1.70 1.80 1.89 2.10 1.91 1.03 0.66 	- k 
55.77 2.10 1.82 2.05 1.59 1.73 1.66 1.73 1.85 2.06 1.85 1.07 0.66 	- 
55.96 2.01 1.80 1.99 1.50 1.68 1.61 1.64 1.82 1.96 1.78 1.14 0.70 	- 
56.15 1.87 1.78 1.96 1.45 1.63 1.54 1.57 1.78 1.84 1.71 1.21 0.73 	- H 
56.35 1.71 1.75 1.91 1.40 1.59 1.47 1.50 1.71 1.75 1.64 1.28 0.77 	- 
56.54 1.56 1.70 1.85 1.35 1.56 1.40 1.43 1.64 1.66 1.57 1.36 0.80 	- 
56.73 1.45 1.63 1.80 1.29 1.50 1.31 1.34 1.57 1.63 1.54 1.40 0.84 	- tM 
56.92 1.40 1.61 1.77 1.24 1.45 1.26 1.28 1.50 1.61 1.49 1.43 0.86 	- 
57.12 1.36 1.61 1.73 1.21 1.45 1.24 1.27 1.47 1.59 1.43 1.47 0.89 	- ITI 
57.31 1.33 1.63 1.70 1.21 1.45 1.26 1.25 1.43 1.50 1.42 1.50 0.93 	- 
57.50 1.33 1.64 1.68 1.22 1.49 1.29 1.25 1.43 1.42 1.40 1.56 0.93 	- 
57.69 1.35 1.66 1.66 1.28 1.52 1.33 1.28 1.43 1.33 1.38 1.59 0.89 	- 
57.88 1.36 1.66 1.63 1.35 1.56 1.33 1.32 1.43 1.31 1.36 1.63 0.87 	- 
58.08 1.40 1.63 1.57 1.36 1.57 1.31 1.34 1.42 1.35 1.35 1.63 0.87 	- H 
58.27 1.42 1.57 1.50 1.31 1.57 1.29 1.32 1.40 1.38 1.33 1.63 0.87 	- 
58.46 1.40 1.50 1.43 1.24 1.52 1.26 1.30 1.40 1.38 1.31 1.59 0.87 	- 
58.65 1.38 1.43 1.36 1.17 1.43 1.24 1.28 1.40 1.40 1.29 1.54 0.87 	- 
58.85 1.42 1.44 1.35 1.15 1.40 1.25 1.29 1.40 1.40 1.27 1.52 0.87 	- 
59.04 1.45 1.43 1.30 1.13 1.37 1.26 1.31 1.41 1.41 1.26 1.50 0.88 	- 
59.23 1.49 1.39 1.25 1.11 1.37 1.27 1.32 1.42 1.42 1.25 1.47 0.87 	- 
59.42 1.54 1.35 1.18 1.07 1.37 1.26 1.34 1.43 1.40 1.21 1.43 0.85 	- 
59.62 1.54 1.28 1.12 0.99 1.35 1.22 1.34 1.41 1.38 1.19 1.35 0.87 	- 
00 




(mins) 	11.01 	10.52 	9.51 	8.52 	7.51 6.52 	5.52 	5.02 	4.52 	4.02 	3.51 	3.020667 
along 
wall 
Clot thickness (mm) 
0.19 3.84 3.84 3.65 3.81 3.98 3.62 3.68 3.58 3.07 2.30 2.21 - 
0.38 3.95 3.84 3.65 3.76 3.98 3.65 3.68 3.62 3.13 2.30 2.25 - 
0.58 4.03 3.84 3.62 3.72 3.98 3.67 3.67 3.65 3.17 2.25 2.28 - 
0.77 4.10 3.86 3.61 3.69 3.98 3.69 3.67 3.67 3.20 2.22 2.26 - 
0.96 4.15 3.90 3.59 3.67 4.02 3.71 3.67 3.69 3.24 2.19 2.25 - 
1.15 4.19 3.93 3.58 3.65 4.07 3.72 3.67 3.68 3.28 2.18 2.22 - 
1.35 4.28 3.98 3.56 3.61 4.12 3.75 3.68 3.68 3.39 2.18 2.19 - 
1.54 4.35 4.05 3.60 3.60 4.18 3.82 3.74 3.70 3.51 2.20 2.17 - 
1.73 4.37 4.09 3.63 3.56 4.21 3.88 3.75 3.68 3.61 2.21 2.19 - 
1.92 4.38 4.10 3.68 3.54 4.25 3.93 3.77 3.68 3.67 2.25 2.20 - 
2.12 4.40 4.12 3.72 3.53 4.26 3.96 3.79 3.68 3.72 2.30 2.22 - 
2.31 4.35 4.12 3.74 3.51 4.26 3.98 3.79 3.67 3.75 2.35 2.22 - 
2.50 4.31 4.12 3.75 3.51 4.26 4.00 3.81 3.63 3.79 2.41 2.20 - 
2.69 4.28 4.14 3.79 3.51 4.26 4.03 3.82 3.61 3.82 2.51 2.17 1.22 
2.88 4.24 4.16 3.82 3.51 4.28 4.07 3.84 3.60 3.86 2.62 2.17 1.24 
3.08 4.21 4.16 3.86 3.51 4.28 4.12 3.86 3.58 3.88 2.72 2.19 1.23 
3.27 4.14 4.16 3.89 3.51 4.26 4.19 3.88 3.58 3.89 2.81 2.22 1.20 
3.46 4.07 4.14 3.91 3.51 4.25 4.26 3.88 3.60 3.88 2.88 2.26 1.17 
3.65 4.02 4.10 3.86 3.49 4.23 4.30 3.84 3.60 3.84 2.93 2.27 1.15 
3.85 4.02 4.10 3.81 3.49 4.21 4.26 3.82 3.61 3.82 2.98 2.27 1.15 
4.04 4.00 4.12 3.74 3.49 4.18 4.21 3.79 3.61 3.79 3.02 2.27 1.15 
4.23 3.98 4.14 3.68 3.49 4.16 4.16 3.75 3.60 3.75 3.04 2.26 1.14 
4.42 3.98 4.17 3.67 3.49 4.16 4.14 3.74 3.60 3.72 3.05 2.24 1.12 
4.62 3.95 4.21 3.65 3.49 4.18 4.14 3.72 3.60 3.68 3.05 2.24 1.08 
4.81 3.91 4.23 3.63 3.49 4.21 4.12 3.72 3.58 3.65 3.04 2.26 1.05 
5.00 3.88 4.23 3.61 3.49 4.23 4.10 3.72 3.56 3.61 3.02 2.27 1.01 
5.19 3.88 4.21 3.60 3.49 4.23 4.05 3.72 3.54 3.58 3.00 2.26 1.00 
5.38 3.96 4.19 3.60 3.51 4.25 3.98 3.72 3.54 3.53 3.00 2.22 1.01 
5.58 4.05 4.16 3.61 3.54 4.26 3.89 3.74 3.54 3.49 3.00 2.19 1.05 
5.77 4.07 4.09 3.65 3.56 4.26 3.79 3.74 3.53 3.44 2.98 2.15 1.10 
5.96 4.09 4.02 3.68 3.58 4.28 3.77 3.74 3.51 3.39 2.97 2.12 1.14 
6.15 4.09 3.95 3.72 3.58 4.30 3.77 3.74 3.51 3.33 2.95 2.08 1.19 
6.35 4.09 3.88 3.75 3.56 4.30 3.77 3.75 3.54 3.28 2.93 2.06 1.28 
6.54 4.10 3.82 3.79 3.58 4.28 3.79 3.79 3.60 3.26 2.93 2.05 1.31 
6.73 4.09 3.75 3.81 3.58 4.23 3.77 3.81 3.65 3.23 2.93 2.01 1.35 
6.92 4.07 3.68 3.82 3.58 4.18 3.75 3.81 3.70 3.19 2.91 1.89 1.39 
7.12 4.07 3.61 3.84 3.58 4.12 3.74 3.81 3.75 3.16 2.90 1.87 1.46 
7.31 4.05 3.58 3.84 3.60 4.07 3.74 3.81 3.79 3.12 2.88 1.85 1.54 
7.50 4.00 3.58 3.82 3.60 4.00 3.77 3.81 3.81 3.11 2.84 1.84 - 
7.69 3.96 3.60 3.79 3.56 3.93 3.82 3.81 3.82 3.05 2.81 1.83 - 
7.88 4.02 3.63 3.75 3.54 3.87 3.89 3.86 3.86 3.02 2.79 1.81 - 
8.08 4.07 3.65 3.72 3.53 3.82 3.96 3.91 3.89 2.98 2.77 1.79 - 
8.27 4.16 3.67 3.68 3.51 3.78 4.02 3.95 3.91 2.95 2.76 - - 
8.46 4.24 3.67 3.65 3.53 3.78 4.03 3.93 3.91 2.91 2.74 - - 
8.65 4.31 3.65 3.61 3.54 3.80 4.02 3.89 3.89 2.86 2.70 - - 
8.85 4.42 3.65 3.60 3.58 3.84 3.98 3.88 3.86 2.86 2.69 - - 
9.04 4.51 3.63 3.58 3.60 3.84 3.93 3.84 3.81 2.84 2.69 - - 
9.23 4.58 3.65 3.56 3.61 3.84 3.88 3.81 3.74 2.83 2.69 - - 
9.42 4.63 3.65 3.55 3.61 3.84 3.82 3.79 3.68 2.81 2.69 - - 
9.62 4.66 3.61 3.54 3.63 3.85 3.75 3.78 3.65 2.78 2.69 - - 
9.81 4.66 3.55 3.55 3.67 3.86 3.68 3.78 3.61 2.79 2.69 - - 
10.00 4.63 3.51 3.57 3.70 3.87 3.63 3.72 3.56 2.81 2.69 - - 
10.19 4.58 3.49 3.58 3.72 3.88 3.56 3.65 3.49 2.82 - - - 
10.38 4.51 - - 3.74 - 3.48 3.58 3.40 2.85 - - - 
10.58 4.44 - - 3.74 - 3.43 - 3.32 - - - - 
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MM 
along Clot thickness (mm) 
wall 
10.77 	4.37 	- 	 - 3.68 - 	 3.36 	- 	 3.23 	- 	 - 	 - 	 - 
10.96 4.28 - 	 - 3.63 - 	 - 	 - 	 3.19 - 	 - 	 - 	 - 
11.15 	4.19 	- 	 - 3.60 - 	 - 	 - 	 3.16 	- 	 - 	 - 	 - 
11.35 4.10 - 	 - 3.56 - 	 - 	 - 	 3.14 - 	 - 	 - 	 - 
11.54 	4.02 	- 	 - 3.53 - 	 - 	 - 	 3.13 	- 	 - 	 - 	 - 
11.73 3.93 - 	 - 3.47 - 	 - 	 - 	 3.07 - 	 - 	 - 	 - 
11.92 	3.86 	- 	 - 3.44 - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
12.12 3.81 - 	 - 3.39 - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
12.31 	3.79 	- 	 - 3.36 - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
12.50 3.81 - 	 - 3.32 - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
12.69 	3.82 	- 	 - 3.26 - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
12.88 3.82 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
13.08 	3.82 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
13.27 3.84 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
13.46 	3.86 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
13.65 3.88 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
13.85 	3.89 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
14.04 3.91 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
14.23 	3.93 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
14.42 3.93 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
14.62 	3.89 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
14.81 3.86 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
15.00 	3.84 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
15.19 3.84 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
15.38 	3.84 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
15.58 3.84 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
15.77 	3.82 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
15.96 3.81 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
16.15 	3.79 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
16.35 3.75 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
16.54 	3.72 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
16.73 3.68 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
16.92 	3.65 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
17.12 3.61 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
17.31 	3.58 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
17.50 3.54 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
17.69 	3.51 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
17.88 3.47 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
18.08 	3.46 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
18.27 3.43 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
18.46 	3.43 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
18.65 3.43 - 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
18.85 	3.42 	- 	 - - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
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Clot thickness (mm) 
0.19 7.05 6.92 7.22 6.73 6.90 6.41 6.99 7.03 7.05 6.22 - 
0.38 7.06 6.95 7.25 6.73 6.86 6.46 7.00 7.03 6.98 6.24 - 
0.58 7.07 6.97 7.23 6.73 6.86 6.51 7.01 7.01 6.92 6.25 - 
0.77 7.07 6.99 7.19 6.73 6.86 6.54 7.02 6.99 6.86 6.26 - 
0.96 7.10 7.00 7.16 6.73 6.84 6.56 7.02 6.98 6.87 6.27 - 
1.15 7.12 7.01 7.15 6.73 6.83 6.57 7.02 6.99 6.87 6.33 - 
1.35 7.13 7.03 7.15 6.75 6.83 6.61 7.04 6.99 6.87 6.40 - 
1.54 7.15 7.05 7.13 6.77 6.83 6.64 7.06 7.01 6.87 6.47 4.20 
1.73 7.17 7.06 7.13 6.78 6.84 6.68 7.08 7.01 6.87 6.52 4.34 
1.92 7.22 7.10 7.11 6.78 6.84 6.70 7.08 7.01 6.87 6.56 4.45 
2.12 7.31 7.12 7.08 6.77 6.84 6.71 7.06 6.99 6.89 6.57 4.57 
2.31 7.38 7.08 7.04 6.77 6.88 6.70 7.01 6.97 6.80 6.59 4.67 
2.50 7.41 7.05 7.01 6.77 6.90 6.68 6.95 6.95 6.75 6.59 4.76 
2.69 7.43 7.01 7.01 6.77 6.92 6.64 6.90 6.93 6.70 6.59 4.93 
2.88 7.45 6.99 7.02 6.78 6.93 6.63 6.86 6.92 6.71 6.57 5.07 
3.08 7.45 6.96 7.02 6.78 6.95 6.59 6.83 6.90 6.66 6.56 5.19 
3.27 7.45 6.94 7.01 6.78 6.97 6.56 6.79 6.86 6.63 6.49 5.19 
3.46 7.45 6.92 6.95 6.80 6.97 6.52 6.76 6.81 6.59 6.42 5.09 
3.65 7.47 6.92 6.93 6.85 6.99 6.49 6.72 6.74 6.57 6.35 4.98 
3.85 7.48 6.91 6.90 6.89 6.97 6.45 6.68 6.67 6.56 6.29 4.88 
4.04 7.52 6.89 6.86 6.92 6.93 6.43 6.65 6.60 6.54 6.26 4.77 
4.23 7.52 6.87 6.83 6.96 6.90 6.42 6.61 6.56 6.50 6.22 4.63 
4.42 7.52 6.89 6.77 6.98 6.86 6.40 6.61 6.52 6.56 6.21 4.49 
4.62 7.55 6.89 6.72 6.99 6.84 6.40 6.61 6.49 6.63 6.21 4.35 
4.81 7.59 6.89 6.67 7.01 6.79 6.40 6.60 6.47 6.70 6.21 4.23 
5.00 7.60 6.87 6.61 7.03 6.74 6.36 6.56 6.42 6.71 6.21 4.07 
5.19 7.60 6.87 6.58 7.06 6.70 6.35 6.52 6.36 6.75 6.21 3.93 
5.38 7.59 6.85 6.54 7.05 6.67 6.31 6.49 6.35 6.75 6.21 3.90 
5.58 7.57 6.82 6.52 6.99 6.60 6.28 6.45 6.33 6.71 6.19 3.90 
5.77 7.52 6.77 6.51 6.91 6.49 6.22 6.42 6.35 6.66 6.17 3.90 
5.96 7.45 6.73 6.47 6.80 6.40 6.17 6.38 6.35 6.57 6.15 3.93 
6.15 7.34 6.70 6.43 6.70 6.33 6.14 6.35 6.35 6.49 6.15 3.99 
6.35 7.24 6.64 6.40 6.61 6.26 6.14 6.33 6.33 6.42 6.15 4.04 
6.54 7.15 6.57 6.38 6.54 6.22 6.14 6.29 6.31 6.36 6.15 4.02 
6.73 7.10 6.52 6.38 6.45 6.19 6.08 6.27 6.27 6.29 6.17 4.00 
6.92 7.06 6.47 6.38 6.35 6.15 6.01 6.24 6.24 6.24 6.19 3.99 
7.12 7.05 6.42 6.38 6.22 6.10 5.98 6.19 6.24 6.19 6.15 4.00 
7.31 7.03 6.36 6.35 6.12 6.04 5.93 6.11 6.26 6.14 6.10 4.02 
7.50 7.01 6.29 6.31 6.07 5.97 5.87 6.02 6.24 6.08 6.03 4.06 
7.69 6.98 6.26 6.29 6.05 5.92 5.82 5.90 6.22 6.05 5.98 4.07 
7.88 6.96 6.22 6.26 6.01 5.86 5.77 5.78 6.15 6.03 5.91 4.07 
8.08 6.96 6.19 6.22 5.96 5.81 5.72 5.65 6.10 6.05 5.82 4.02 
8.27 6.94 6.17 6.19 5.91 5.76 5.65 5.53 6.02 6.01 5.72 3.95 
8.46 6.91 6.17 6.15 5.84 5.70 5.51 5.42 5.95 5.94 5.59 3.88 
8.65 6.85 6.19 6.11 5.75 5.56 5.37 5.31 5.88 5.89 5.45 3.86 
8.85 6.82 6.19 6.06 5.66 5.42 5.26 5.20 5.81 5.84 5.30 3.81 
9.04 6.77 6.19 6.01 5.59 5.31 5.17 5.15 5.72 5.75 5.14 3.72 
9.23 6.64 6.14 5.94 5.51 5.22 5.09 5.08 5.60 5.63 5.05 3.71 
9.42 6.43 6.07 5.81 5.40 5.12 5.00 5.03 5.42 5.49 4.98 3.70 
9.62 6.25 6.02 5.67 5.31 4.28 4.86 5.00 5.27 5.33 4.93 3.65 
9.81 6.10 5.95 5.53 5.20 3.44 4.76 5.02 5.16 5.22 4.89 3.60 
10.00 5.96 5.89 5.40 5.13 2.62 4.71 5.04 5.11 5.13 4.87 3.56 
10.19 5.83 5.83 5.35 5.10 2.60 4.70 5.08 5.09 5.08 4.87 - 
10.38 5.73 5.76 5.28 5.08 2.60 4.73 5.13 5.11 5.12 4.87 - 
10.58 5.66 5.69 5.22 5.09 2.62 4.83 5.19 5.15 5.24 4.90 - 
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MM 
along Clot thickness (mm) 
wa ll 
10.77 5.65 5.64 5.17 5.12 2.78 4.97 5.24 5.22 5.35 4.93 	- 
10.96 5.59 5.67 5.22 5.17 2.94 5.13 5.29 5.33 5.45 4.97 - 
11.15 5.58 5.71 5.28 5.31 3.08 5.29 5.31 5.45 5.58 5.00 	- 
11.35 5.61 5.80 5.35 5.45 3.23 5.43 5.37 5.60 5.73 5.03 - 
11.54 5.75 5.90 5.51 5.59 3.39 5.59 5.28 5.79 5.91 5.05 	- 
11.73 5.88 5.98 5.67 5.71 4.30 5.81 5.18 5.96 6.08 5.03 - 
11.92 5.96 6.05 5.61 5.79 5.20 5.98 5.05 6.07 6.15 4.99 	- 
12.12 6.03 6.06 5.51 5.85 6.11 5.93 4.90 6.09 6.17 4.92 - 
12.31 6.07 6.05 5.35 5.90 6.20 5.83 4.76 6.07 6.15 4.83 	- 
12.50 6.08 5.89 5.20 5.92 6.04 5.68 4.62 6.04 6.08 4.74 - 
12.69 6.07 5.73 5.06 5.91 5.81 5.45 4.47 5.97 5.98 4.63 	- 
12.88 6.01 5.58 4.92 5.89 5.49 5.19 4.35 5.86 5.84 4.49 - 
13.08 5.91 5.45 4.67 5.86 5.17 4.91 4.21 5.58 5.70 4.42 	- 
13.27 5.65 5.35 4.58 5.75 4.83 4.63 4.08 5.29 5.56 4.34 - 
13.46 5.40 5.24 4.49 5.66 4.49 4.35 3.90 4.99 5.33 4.23 	- 
13.65 5.28 5.14 4.39 5.56 4.26 4.04 3.87 4.66 5.10 4.12 - 
13.85 5.16 5.05 4.30 5.45 4.03 3.72 3.83 4.33 4.91 4.04 	- 
14.04 5.09 4.98 4.28 5.37 3.81 3.41 3.83 4.03 4.79 - 	 - 
14.23 4.97 4.95 4.30 5.27 3.60 3.29 3.83 3.79 4.67 - 	 - 
14.42 4.86 4.91 4.31 5.23 3.39 3.18 3.83 3.55 4.55 - 	 - 
14.62 4.73 4.98 4.35 5.19 3.40 3.09 3.81 3.30 4.42 - 	 - 
14.81 4.58 5.02 4.37 5.16 3.46 3.02 3.80 3.04 4.30 - 	 - 
15.00 4.37 5.00 4.40 5.14 3.48 2.95 3.78 2.80 4.21 - 	 - 
15.19 4.21 4.84 4.44 5.13 3.51 2.88 3.81 2.71 4.13 - 	 - 
15.38 4.21 4.69 4.24 - 3.57 2.81 3.85 2.69 4.04 - 	 - 
15.58 4.25 4.53 4.03 - 3.62 2.88 3.92 2.71 4.04 - 	 - 
15.77 4.16 4.37 3.83 - 3.55 2.99 3.98 2.72 4.02 - 	 - 
15.96 4.07 4.21 3.62 - 3.48 3.09 4.03 2.73 4.00 - 	 - 
16.15 3.95 4.02 3.55 - 3.35 3.18 4.03 2.75 3.97 - 	 - 
16.35 3.88 3.84 3.48 - 3.21 3.23 4.05 2.80 3.90 2.72 - 
16.54 3.79 3.67 3.40 - 3.09 3.23 4.01 2.87 3.83 2.72 	- 
16.73 3.73 3.53 3.30 - 2.98 3.23 3.96 2.94 3.76 2.72 - 
16.92 3.69 3.41 3.19 - 2.89 3.25 3.90 3.02 3.69 2.72 	- 
17.12 3.67 3.32 3.08 - 2.87 3.27 3.81 3.07 3.62 2.72 - 
17.31 3.64 3.27 2.98 - 2.83 3.30 3.65 3.14 3.53 2.72 	- 
17.50 3.58 3.22 2.94 - 2.80 3.32 3.49 3.12 3.44 - 	 - 
17.69 3.48 3.15 2.90 - 2.76 3.18 3.33 3.10 3.38 - 	 - 
17.88 3.36 3.06 2.84 - 2.73 3.02 3.17 3.10 3.33 - 	 - 
18.08 3.22 2.95 2.77 - 2.69 2.88 2.98 3.12 3.27 - 	 - 
18.27 3.15 2.85 2.68 - 2.70 2.78 2.81 3.14 3.21 - 	 - 
18.46 3.08 2.74 2.61 2.44 2.75 2.69 2.61 3.11 3.21 - 	 - 
18.65 3.00 2.61 2.54 2.34 2.79 2.62 2.45 3.08 - - 	 - 
18.85 2.94 2.47 2.45 2.24 2.84 2.60 2.31 3.04 - - 	 - 
19.04 2.88 2.35 2.34 2.24 - 2.56 2.15 - - - 	 - 
19.23 - 2.23 2.28 2.24 - 2.52 2.01 - - - 	 - 
19.42 - 2.16 2.21 2.24 - 2.45 1.93 - - - 	 - 
19.62 - 2.06 2.12 2.17 - 2.37 1.84 - - - 	 - 
19.81 - 1.96 2.04 2.08 - - 1.75 - - - 	 - 
20.00 - 1.86 1.97 - - - 1.67 - - - 	 - 
20.19 - 1.76 - - - - 1.61 - - - 	 - 
45.77 - - - - - - - 0.62 - - 	 - 
45.96 - - - - - - - 0.64 - - 	 - 
46.15 - - - - - - - 0.64 - - 	 - 
46.35 - - - - - - - 0.63 - - 	 - 
46.54 - - - - - - - 0.63 - - 	 - 
46.73 - - - - - - - 0.62 - - 	 - 
46.92 - - - - - - - 0.62 - 2.16 - 
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Clot thickness (mm) 
47.12 	- 	 - 	 - - 	 - 	 - 	 - 	 0.62 	- 	 2.16 	- 
47.31 - 	 - 	 - - 	 - 	 - 	 - 	 0.62 - 	 2.16 - 
47.50 	- 	 - 	 - - 	 - 	 - 	 - 	 0.62 	- 	 2.16 	- 
47.69 - 	 - 	 - - 	 - 	 - 	 - 	 0.62 - 	 - 	 - 
47.88 	- 	 - 	 - - 	 - 	 - 	 - 	 0.61 	- 	 - 	 - 
48.08 - 	 - 	 - - 	 - 	 - 	 - 	 0.59 - 	 - 	 - 
48.27 	- 	 - 	 - - 	 - 	 - 	 - 	 0.59 	- 	 - 	 - 
48.46 - 	 - 	 - - 	 - 	 - 	 - 	 0.59 - 	 - 	 - 
48.65 	- 	 - 	 - - 	 - 	 - 	 - 	 0.59 	- 	 - 	 - 
48.85 - 	 - 	 - - 	 - 	 - 	 - 	 0.59 - 	 - 	 - 
49.04 	- 	 - 	 - - 	 - 	 - 	 - 	 0.59 	- 	 - 	 - 
49.23 - 	 - 	 - - 	 - 	 - 	 - 	 0.59 - 	 - 	 - 
49.42 	- 	 - 	 - - 	 - 	 - 	 - 	 0.59 	- 	 - 	 - 
49.62 - 	 - 	 - - 	 - 	 - 	 - 	 0.59 - 	 - 	 - 
49.81 	- 	 - 	 - - 	 - 	 - 	 - 	 0.59 	- 	 - 	 - 
50.00 - 	 - 	 - - 	 - 	 - 	 - 	 0.59 - 	 - 	 - 
50.19 	- 	 - 	 - - 	 - 	 - 	 - 	 0.59 	- 	 - 	 - 
50.38 - 	 - 	 - - 	 - 	 - 	 - 	 0.59 - 	 - 	 - 
50.58 	- 	 - 	 - - 	 - 	 - 	 - 	 0.59 	- 	 - 	 - 
50.77 - 	 - 	 - - 	 - 	 - 	 - 	 0.59 - 	 - 	 - 
50.96 	- 	 - 	 - - 	 - 	 - 	 - 	 0.59 	- 	 - 	 - 
51.15 - 	 - 	 - - 	 - 	 - 	 - 	 0.57 - 	 - 	 - 
51.35 	- 	 - 	 - - 	 - 	 - 	 - 	 0.57 	- 	 - 	 - 
51.54 - 	 - 	 - - 	 - 	 - 	 - 	 0.57 - 	 - 	 - 
51.73 	- 	 - 	 - - 	 - 	 - 	 - 	 0.57 	- 	 - 	 - 
51.92 - 	 - 	 - - 	 - 	 - 	 - 	 0.57 - 	 - 	 - 
52.12 	- 	 - 	 - - 	 - 	 - 	 - 	 0.57 	- 	 - 	 - 
52.31 - 	 - 	 - - 	 - 	 - 	 - 	 0.57 - 	 - 	 - 
52.50 	- 	 - 	 - - 	 - 	 - 	 - 	 0.57 	- 	 - 	 - 
52.69 - 	 - 	 - - 	 - 	 - 	 - 	 0.57 - 	 - 	 - 
52.88 	- 	 - 	 - - 	 - 	 - 	 - 	 0.57 	- 	 - 	 - 
53.08 - 	 - 	 - - 	 - 	 - 	 - 	 0.57 - 	 - 	 - 
53.27 	- 	 - 	 - - 	 - 	 - 	 - 	 0.59 	- 	 - 	 - 
53.46 - 	 - 	 - - 	 - 	 - 	 - 	 0.59 - 	 - 	 - 
53.65 	- 	 - 	 - - 	 - 	 - 	 - 	 0.57 	- 	 - 	 - 
53.85 - 	 - 	 - - 	 - 	 - 	 - 	 0.55 - 	 - 	 - 
54.04 	- 	 - 	 - - 	 - 	 - 	 - 	 0.55 	- 	 - 	 - 
54.23 - 	 - 	 - - 	 - 	 - 	 - 	 0.55 - 	 - 	 - 
54.42 	- 	 - 	 - - 	 - 	 - 	 - 	 0.55 	- 	 - 	 - 
54.62 - 	 - 	 - - 	 - 	 - 	 - 	 0.53 - 	 - 	 - 
54.81 	- 	 - 	 - - 	 - 	 - 	 - 	 0.52 	- 	 - 	 - 
55.00 - 	 - 	 - - 	 - 	 - 	 - 	 0.50 - 	 - 	 - 
55.19 	- 	 - 	 - - 	 - 	 - 	 - 	 0.48 	- 	 - 	 - 
55.38 - 	 - 	 - - 	 - 	 - 	 - 	 0.46 - 	 - 	 - 
55.58 	- 	 - 	 - - 	 - 	 - 	 - 	 0.45 	- 	 - 	 - 
55.77 - 	 - 	 - - 	 - 	 - 	 - 	 0.45 - 	 - 	 - 
55.96 	- 	 - 	 - - 	 - 	 - 	 - 	 0.45 	- 	 - 	 - 
56.15 - 	 - 	 - - 	 - 	 - 	 - 	 0.43 - 	 - 	 - 
56.35 	- 	 - 	 - - 	 - 	 - 	 - 	 0.41 	- 	 - 	 - 
56.54 - 	 - 	 - - 	 - 	 - 	 - 	 0.39 - 	 - 	 - 
56.73 	- 	 - 	 - - 	 - 	 - 	 - 	 0.39 	- 	 - 	 - 
56.92 - 	 - 	 - - 	 - 	 - 	 - 	 0.39 - 	 - 	 - 
57.12 	- 	 - 	 - - 	 - 	 - 	 - 	 0.39 	- 	 - 	 - 
57.31 - 	 - 	 - - 	 - 	 - 	 - 	 0.41 - 	 - 	 - 
57.50 	- 	 - 	 - - 	 - 	 - 	 - 	 0.43 	- 	 - 	 - 
57.69 - 	 - 	 - - 	 - 	 - 	 - 	 0.45 - 	 - 	 - 
57.88 	- 	 - 	 - - 	 - 	 - 	 - 	 0.48 	- 	 - 	 - 
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Clot thickness (mm) 
58.08 	 - 	 - 	 - - 	 - 	 - 	 - 	 0.50 	- 	 - 	 - 
58.27 - 	 - 	 - - 	 - 	 - 	 - 	 0.52 - 	 - 	 - 
58.46 	 - 	 - 	 - - 	 - 	 - 	 - 	 0.53 	- 	 - 	 - 
58.65 - 	 - 	 - - 	 - 	 - 	 - 	 0.55 - 	 - 	 - 
58.85 	 - 	 - 	 - - 	 - 	 - 	 - 	 0.57 	- 	 - 	 - 
59.04 - 	 - 	 - - 	 - 	 - 	 - 	 0.59 - 	 - 	 - 
59.23 	 - 	 - 	 - - 	 - 	 - 	 - 	 0.61 	- 	 - 	 - 
59.42 - 	 - 	 - - 	 - 	 - 	 - 	 0.62 - 	 - 	 - 
59.62 	 - 	 - 	 - - 	 - 	 - 	 - 	 0.62 	- 	 - 	 - 
time 11.00 10.52 9.51 8.51 7.50 6.51 5.50 5.00 4.51 4.00 3.50 3.01 2.01 nins) 
IIJLIII 
along Clot thickness (mm) 
wall 
0.19 5.42 5.29 5.39 5.93 5.19 5.38 5.19 5.10 5.13 4.78 4.42 3.91 - 
0.38 5.43 5.33 5.41 5.93 5.19 5.33 5.16 5.11 5.19 4.75 4.42 3.96 - 
0.58 5.44 5.36 5.44 5.94 5.22 5.29 5.14 5.12 5.24 4.76 4.42 4.04 - 
0.77 5.47 5.41 5.49 5.94 5.26 5.28 5.13 5.13 5.28 4.83 4.42 4.10 - 
0.96 5.49 5.44 5.53 5.96 5.29 5.25 5.13 5.15 5.33 4.90 4.42 4.15 - 
1.15 5.53 5.47 5.56 5.98 5.31 5.26 5.14 5.17 5.38 4.97 4.44 4.16 - 
1.35 5.58 5.52 5.58 6.01 5.37 5.28 5.14 5.21 5.49 5.05 4.48 4.18 2.98 
1.54 5.60 5.59 5.60 6.07 5.44 5.31 5.14 5.24 5.59 5.14 4.53 4.20 3.02 
1.73 5.58 5.66 5.63 6.08 5.51 5.35 5.14 5.30 5.70 5.23 4.58 4.23 3.05 
1.92 5.56 5.70 5.70 6.10 5.58 5.38 5.19 5.33 5.79 5.33 4.62 4.27 3.06 
2.12 5.56 5.70 5.78 6.12 5.65 5.45 5.26 5.37 5.89 5.44 4.65 4.28 3.06 
2.31 5.56 5.70 5.85 6.15 5.72 5.51 5.31 5.40 5.98 5.56 4.69 4.28 3.06 
2.50 5.56 5.72 5.90 6.19 5.79 5.58 5.40 5.44 6.01 5.66 4.74 4.27 3.09 
2.69 5.56 5.75 5.94 6.24 5.84 5.65 5.49 5.45 6.01 5.75 4.77 4.21 3.13 
2.88 5.53 5.77 5.97 6.29 5.87 5.70 5.58 5.47 6.01 5.80 4.81 4.16 3.15 
3.08 5.51 5.77 6.01 6.33 5.93 5.79 5.63 5.49 6.00 5.84 4.84 4.11 3.16 
3.27 5.47 5.75 6.04 6.36 5.98 5.84 5.68 5.51 5.96 5.87 4.88 4.09 3.16 
3.46 5.44 5.73 6.10 6.38 6.01 5.86 5.73 5.51 5.91 5.89 4.91 4.07 3.15 
3.65 5.44 5.72 6.15 6.38 6.03 5.84 5.77 5.51 5.87 5.89 4.93 4.06 3.13 
3.85 5.45 5.70 6.20 6.36 6.05 5.77 5.80 5.49 5.84 5.89 4.97 4.06 3.11 
4.04 5.49 5.68 6.24 6.33 6.07 5.70 5.79 5.47 5.82 5.87 5.02 4.07 3.11 
4.23 5.53 5.70 6.27 6.29 6.07 5.65 5.75 5.47 5.79 5.86 5.05 4.09 3.09 
4.42 5.61 5.73 6.29 6.26 6.07 5.66 5.73 5.47 5.75 5.84 5.09 4.09 3.08 
4.62 5.70 5.73 6.31 6.21 6.07 5.68 5.70 5.47 5.75 5.82 5.07 4.09 3.08 
4.81 5.79 5.73 6.31 6.12 6.07 5.72 5.66 5.49 5.79 5.80 5.07 4.09 3.02 
5.00 5.90 5.72 6.29 6.03 6.08 5.75 5.63 5.47 5.82 5.77 5.07 4.09 2.97 
5.19 5.99 5.72 6.27 5.98 6.08 5.79 5.61 5.44 5.86 5.73 5.09 4.09 2.92 
5.38 6.08 5.75 6.26 5.93 6.08 5.82 5.59 5.38 5.87 5.72 5.10 4.09 2.90 
5.58 6.15 5.79 6.26 5.87 6.10 5.87 5.58 5.37 5.87 5.72 5.10 4.09 2.88 
5.77 6.20 5.82 6.26 5.82 6.12 5.94 5.56 5.37 5.86 5.75 5.10 4.09 2.87 
5.96 6.24 5.86 6.26 5.77 6.12 6.05 5.54 5.37 5.84 5.77 5.09 4.09 2.83 
6.15 6.24 5.89 6.20 5.72 6.12 6.10 5.52 5.37 5.82 5.79 5.05 4.09 2.80 
6.35 6.22 5.87 6.15 5.66 6.14 6.14 5.51 5.35 5.80 5.80 5.03 4.09 2.78 
6.54 6.15 5.82 6.10 5.61 6.14 6.12 5.49 5.33 5.79 5.80 4.97 4.13 2.78 
6.73 6.08 5.79 6.06 5.58 6.14 6.08 5.49 5.31 5.77 5.79 4.93 4.16 2.80 
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MM 
along Clot thickness (mm) 
wall 
6.92 6.01 5.73 6.04 5.56 6.12 6.00 5.51 5.30 5.75 5.77 4.88 4.20 2.83 
7.12 5.94 5.70 6.04 5.56 6.07 5.98 5.51 5.31 5.73 5.75 4.83 4.21 2.87 
7.31 5.85 5.65 6.04 5.54 6.01 5.94 5.51 5.31 5.72 5.73 4.79 4.23 2.90 k 
7.50 5.76 5.58 6.04 5.52 5.98 5.91 5.52 5.33 5.72 5.68 4.76 4.25 2.88 
7.69 5.70 5.51 6.01 5.52 5.93 5.87 5.54 5.33 5.72 5.61 4.72 4.27 2.87 
7.88 5.69 5.44 5.97 5.54 5.87 5.84 5.58 5.33 5.72 5.52 4.69 4.28 2.85 
8.08 5.69 538 5.94 5.58 5.84 5.77 5.61 5.35 5.73 5.45 4.63 4.28 2.85 
8.27 5.70 5.37 5.92 5.61 5.79 5.75 5.63 5.38 5.73 5.38 4.58 4.28 2.83 
8.46 5.70 5.38 5.90 5.65 5.73 5.73 5.63 5.42 5.73 5.31 4.55 4.27 2.80 
8.65 5.69 5.42 5.88 5.70 5.70 5.70 5.58 5.44 5.73 5.26 4.56 4.23 2.74 
8.85 5.65 5.38 5.86 5.75 5.65 5.66 5.51 5.42 5.73 5.23 4.58 4.20 2.67 
9.04 5.61 5.30 5.85 5.80 5.59 5.65 5.44 5.37 5.75 5.21 4.62 4.14 2.60 
9.23 5.56 5.19 5.81 5.82 5.56 5.58 5.37 5.30 5.75 5.19 4.63 4.11 2.52 trj 
9.42 5.53 5.09 5.67 5.80 5.49 5.51 5.30 5.24 5.73 5.17 4.60 4.07 2.33 
9.62 5.38 4.97 5.53 5.70 5.35 5.38 5.19 5.16 5.63 5.16 4.53 3.95 2.17 
9.81 5.15 4.85 5.37 5.58 5.21 5.26 5.07 5.05 5.52 5.07 4.44 3.81 2.02 H 
10.00 4.88 4.75 5.19 5.45 5.05 5.12 4.84 4.88 5.31 4.91 4.32 3.65 1.87 
10.19 4.78 4.64 5.01 5.33 4.90 5.00 4.62 4.65 5.09 4.74 4.20 3.50 1.73 
10.38 4.67 4.51 4.88 5.21 4.78 4.88 4.42 4.41 4.90 4.56 4.07 3.34 1.61 
10.58 4.58 4.39 4.78 5.09 4.67 4.76 4.25 4.16 4.76 4.37 3.92 3.20 1.51 
10.77 4.51 4.27 4.67 4.97 4.56 4.63 3.88 3.92 4.67 4.27 3.76 3.06 1.42 
10.96 4.44 4.21 4.58 4.86 4.49 4.53 3.78 3.78 4.62 4.20 3.58 2.76 1.34 
11.15 4.37 4.21 4.49 4.76 4.44 4.46 3.67 3.71 4.56 4.09 3.37 2.47 1.26 
11.35 4.31 4.25 4.39 4.65 4.37 4.42 3.62 3.64 4.51 4.06 3.32 2.27 1.20 
11.54 4.26 4.30 4.40 4.56 4.34 4.39 3.55 3.57 4.48 4.02 3.29 2.08 1.25 
11.73 4.37 4.37 4.42 4.63 4.35 4.41 3.50 3.51 4.53 3.92 3.27 1.96 1.30 
11.92 4.56 4.45 4.47 4.72 4.35 4.42 3.46 3.46 4.58 3.86 3.27 1.77 1.33 
12.12 4.78 4.53 4.56 4.81 4.37 4.46 3.22 3.20 4.72 3.88 3.29 1.61 1.36 
12.31 4.83 4.60 4.69 4.88 4.41 4.49 2.97 2.97 4.84 3.90 3.34 1.45 1.38 
12.50 4.88 4.69 4.78 4.93 4.48 4.60 2.71 2.99 4.92 3.92 3.37 1.26 1.40 
12.69 4.92 4.76 4.85 4.98 4.55 4.72 2.66 3.01 4.96 3.92 3.41 1.07 1.42 
12.88 4.96 4.83 4.92 5.02 4.60 4.86 3.04 3.15 4.95 3.99 3.41 0.87 1.43 
13.08 5.01 4.90 4.96 5.03 4.62 5.00 3.16 3.23 4.90 4.04 3.43 1.03 1.45 
13.27 5.06 4.97 4.97 5.05 4.63 5.12 3.27 3.29 4.86 4.11 3.48 1.21 - 
13.46 5.12 5.02 5.01 5.09 4.65 5.19 3.32 3.36 4.84 4.11 3.55 1.49 - 
13.65 5.15 5.09 5.01 5.12 4.65 5.26 3.39 3.43 4.83 4.11 3.62 1.77 - 
13.85 5.13 5.16 5.01 5.09 4.63 5.31 3.44 3.51 4.79 4.20 3.69 2.05 - 
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MM 
along Clot thickness (mm) 
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14.04 5.10 5.21 4.99 5.05 4.63 5.33 3.50 3.65 4.77 4.30 3.76 2.41 	- 
14.23 5.08 5.23 4.94 5.00 4.63 5.33 3.86 4.06 4.76 4.39 3.83 2.64 	- 
14.42 5.04 5.09 4.83 4.95 4.59 5.35 4.25 4.46 4.76 4.49 3.79 2.85 	- k 
14.62 4.85 4.93 4.72 4.91 4.52 5.28 4.65 4.62 4.79 4.58 3.78 3.09 	- 
14.81 4.67 4.79 4.65 4.88 4.44 5.19 4.83 4.77 4.86 4.69 3.78 3.36 	- 
15.00 4.63 4.65 4.58 4.84 4.35 5.09 4.79 4.83 4.93 4.63 3.81 3.62 	- 
15.19 4.62 4.62 4.53 4.81 4.28 5.00 4.76 4.86 5.00 4.58 3.86 3.69 	- 
15.38 4.60 4.58 4.47 4.77 4.23 4.91 4.72 4.88 5.03 4.53 3.92 3.76 	- 
15.58 4.58 4.55 4.42 4.74 4.21D 4.81 4.70 4.90 5.07 4.48 3.83 3.62 	- 
15.77 4.56 4.48 4.40 4.67 4.18 4.70 4.69 4.91 5.09 4.42 3.76 3.48 	
- o 
15.96 4.53 4.42 4.39 4.60 4.20 4.62 4.70 4.93 5.12 4.37 3.69 3.36 	- 
16.15 4.49 4.37 4.40 4.56 4.23 4.58 4.72 4.91 5.14 4.34 3.62 3.22 	- 
16.35 4.44 4.32 4.46 4.55 4.27 4.56 4.74 4.90 5.16 4.30 3.57 3.18 	- tzj 
16.54 4.40 4.41 4.49 4.55 4.30 4.55 4.74 4.88 5.17 4.27 3.60 3.18 	- Cn 
16.73 4.53 4.49 4.53 4.53 4.35 4.56 4.72 4.86 5.16 4.25 3.65 3.18 	- 
16.92 4.65 4.55 4.53 4.51 4.39 4.58 4.70 4.84 5.09 4.25 3.64 3.15 	- 
17.12 4.65 4.60 4.53 4.49 4.42 4.60 4.69 4.81 5.02 4.25 3.62 3.09 	- Cl) 
17.31 4.65 4.55 4.51 4.46 4.46 4.56 4.65 4.76 4.95 4.14 3.57 3.04 	- 
17.50 4.67 4.51 4.51 4.42 4.46 4.53 4.62 4.70 4.88 3.81 3.51 3.02 	- 
17.69 4.69 4.53 4.58 4.39 4.46 4.51 4.58 4.65 4.81 3.78 3.45 2.99 	- 
17.88 4.71 4.56 4.63 4.39 4.44 4.49 4.55 4.60 4.76 3.74 3.38 2.96 	- 
18.08 4.74 4.58 4.69 4.39 4.41 4.48 4.48 4.55 4.70 3.71 3.31 2.91 	- 
18.27 4.78 4.60 4.71 4.35 4.35 4.44 4.41 4.48 4.63 3.65 3.25 2.88 	- 
18.46 4.72 4.63 4.65 4.32 4.30 4.41 4.34 4.41 4.56 3.62 3.20 - 	 - 
18.65 4.67 4.69 4.63 4.27 4.25 4.37 4.27 4.34 4.49 3.58 3.15 - 	 - 
18.85 4.62 4.74 4.62 4.23 4.20 4.32 4.18 4.27 4.44 3.55 3.12 - 	 - 
19.04 4.60 4.81 4.60 4.20 4.16 4.27 4.11 4.20 4.41 3.51 3.15 - 	 - 
19.23 4.56 4.83 4.58 4.16 4.14 4.25 4.06 4.14 4.39 3.48 3.20 - 	 - 
19.42 4.51 4.84 4.58 4.16 4.13 4.28 4.02 4.13 4.37 3.55 3.27 - 	 - 
19.62 4.44 4.84 4.58 4.16 4.13 4.32 3.99 4.14 4.35 3.83 3.34 - 	 - 
19.81 4.40 4.81 4.53 4.18 4.13 4.35 3.99 4.18 4.34 3.79 3.42 - 	 - 
20.00 4.40 4.77 4.49 4.20 4.11 4.35 3.99 4.21 4.30 3.74 3.49 - 	 - 
20.19 4.42 4.74 4.46 4.20 4.09 4.34 4.00 4.23 4.27 3.69 3.56 - 	 - 
20.38 4.44 4.70 4.46 4.16 4.06 4.30 4.02 4.25 4.23 3.64 3.62 - 	 - 
20.58 4.56 4.65 4.51 4.13 4.02 4.27 4.04 4.23 4.21 3.60 3.67 - 	 - 
20.77 4.69 4.58 4.49 4.11 3.99 4.23 4.04 4.21 4.20 3.57 3.72 - 	 - 
20.96 4.81 4.48 4.47 4.07 3.95 4.21 4.06 4.20 4.16 3.55 3.76 - 	 - 
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along Clot thickness (mm) ITj 
wall 
21.15 4.90 4.37 4.46 4.02 3.92 4.21 4.07 4.16 4.13 3.55 3.79 - 	 - 
21.35 4.99 4.30 4.44 3.97 3.88 4.23 4.06 4.13 4.07 3.55 3.79 - 	 - 
21.54 5.06 4.23 4.40 3.93 3.88 4.23 4.04 4.06 4.00 3.51 3.71 2.47 	- k 
21.73 5.13 4.21 4.37 3.90 3.90 4.23 4.02 3.95 3.93 3.50 3.60 2.42 	- 
21.92 5.15 4.18 4.31 3.85 3.93 4.20 3.95 3.81 3.86 3.44 3.48 2.36 	- 
22.12 5.13 4.14 4.24 3.79 4.00 4.18 3.86 3.67 3.83 3.41 3.34 2.31 	- H 
22.31 5.06 4.11 4.17 3.74 4.04 4.18 3.78 3.55 3.79 3.37 3.18 2.27 	- 
22.50 4.96 4.09 4.08 3.72 4.07 4.20 3.71 3.53 3.79 3.34 3.01 2.24 	- 
22.69 4.80 4.09 3.99 3.71 4.09 4.20 3.67 3.58 3.79 3.30 2.94 2.13 	- 
22.88 4.62 4.11 3.96 3.69 4.11 4.20 3.65 3.64 3.76 3.30 2.87 2.01 	- 
23.08 4.42 4.14 3.90 3.69 4.13 4.18 3.64 3.67 3.72 3.29 2.80 1.92 	- 
23.27 4.22 4.18 3.85 3.71 4.13 4.14 3.62 3.71 3.69 3.25 2.71 1.89 	- 
23.46 4.03 4.23 3.80 3.69 4.11 3.97 3.64 3.72 3.65 3.18 2.62 1.90 	- trj 
23.65 3.94 4.28 3.74 3.62 4.06 3.79 3.65 3.76 3.64 3.15 2.62 1.95 	- Cn 
23.85 3.87 4.28 3.69 3.55 3.99 3.62 3.65 3.78 3.62 3.11 2.66 2.00 	- 
24.04 3.83 4.20 3.65 3.48 3.79 3.50 3.64 3.81 3.60 3.13 2.69 2.09 	- H 
24.23 3.81 4.09 3.62 3.43 3.62 3.41 3.62 3.83 3.58 3.16 2.74 2.18 	- 
CO 
24.42 3.83 3.99 3.58 3.41 3.51 3.32 3.60 3.85 3.57 3.22 2.81 2.26 	- 
24.62 3.87 3.88 3.55 3.41 3.46 3.23 3.57 3.78 3.57 3.27 2.92 2.35 	- 
24.81 3.90 3.79 3.51 3.41 3.43 3.23 3.50 3.65 3.58 3.30 2.92 2.47 	- 
25.00 3.96 3.71 3.49 3.41 3.41 3.23 3.43 3.53 3.64 3.29 2.92 2.61 	- 
25.19 4.03 3.64 3.48 3.41 3.41 3.23 3.37 3.41 3.69 3.27 2.92 2.72 	- 
25.38 4.08 3.57 3.46 3.41 3.41 3.22 3.34 3.34 3.74 3.23 2.94 2.78 	- 
25.58 4.14 3.50 3.44 3.44 3.41 3.30 3.32 3.32 3.78 3.23 2.97 2.81 	- 
25.77 4.10 3.50 3.44 3.50 3.41 3.39 3.30 3.30 3.72 3.23 3.01 2.83 	- 
25.96 4.05 3.50 3.46 3.57 3.41 3.48 3.29 3.32 3.67 3.22 3.02 2.85 	- 
26.15 3.98 3.58 3.46 3.65 3.50 3.55 3.30 3.29 3.62 3.20 3.04 2.85 	- 
26.35 3.92 3.67 3.46 3.72 3.57 3.58 3.34 3.27 3.55 3.16 3.06 2.85 	- 
26.54 3.87 3.74 3.46 3.74 3.58 3.62 3.34 3.25 3.48 3.11 3.08 2.74 	- 
26.73 3.83 3.78 3.46 3.72 3.57 3.65 3.34 3.23 3.39 3.06 3.08 2.62 	- 
26.92 3.83 3.79 3.44 3.67 3.55 3.62 3.34 3.22 3.29 3.01 3.08 2.50 	- 
27.12 3.83 3.81 3.42 3.62 3.51 3.58 3.34 3.20 3.18 2.97 3.08 2.38 	- 
27.31 3.83 3.85 3.42 3.57 3.46 3.53 3.32 3.20 3.08 2.94 3.08 2.26 	- 
27.50 3.85 3.88 3.42 3.51 3.39 3.48 3.27 3.16 2.99 2.95 3.08 2.17 	- 
27.69 3.87 3.93 3.44 3.46 3.34 3.41 3.20 3.09 2.94 2.95 3.08 2.08 	- 
27.88 3.89 3.93 3.46 3.41 3.29 3.34 3.13 3.04 2.95 2.95 3.08 1.98 	- 
28.08 3.90 3.93 3.49 3.34 3.22 3.25 3.08 2.99 2.97 2.97 2.97 1.87 	- 
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28.27 3.92 3.93 3.53 3.23 3.16 3.16 3.02 2.97 2.99 2.97 2.85 1.77 	- 
28.46 3.92 3.95 3.46 3.13 3.11 3.09 2.97 2.94 3.01 2.97 2.73 1.66 	- 
28.65 3.94 3.99 3.39 3.06 3.08 3.02 2.95 2.90 3.02 2.95 2.60 1.66 	- k 
28.85 3.96 4.04 3.32 3.01 3.02 2.95 2.95 2.88 3.04 2.92 2.48 1.67 	- 
29.04 3.98 4.07 3.28 2.99 2.97 2.88 2.99 2.88 3.06 2.88 2.38 1.69 	- 
29.23 3.87 4.02 3.24 2.97 2.94 2.81 3.02 2.88 3.01 2.83 2.27 1.71 	- 
29.42 3.76 3.95 3.21 2.97 2.90 2.78 3.04 2.87 2.94 2.78 2.17 1.73 	- 
29.62 3.67 3.85 3.16 2.95 2.88 2.78 3.08 2.85 2.85 2.69 2.06 1.73 	- tx 
29.81 3.58 3.72 3.08 2.94 2.87 2.80 3.11 2.83 2.76 2.66 1.96 - - 
30.00 3.48 3.58 2.99 2.90 2.85 2.81 3.13 2.69 2.69 2.62 1.85 - 	- o 
 30.19 3.37 3.44 2.87 2.87 2.85 2.83 2.97 2.57 2.66 2.59 1.84 171 
30.38 3.28 3.30 2.75 2.85 2.83 2.85 2.80 2.43 2.62 2.57 1.85 
- 
- - 	- It 
30.58 3.19 3.16 2.73 2.83 2.81 2.85 2.60 2.24 2.60 2.54 1.85 
30.77 3.07 3.02 2.73 2.80 2.80 2.85 2.40 2.05 2.59 2.51 1.85 
- 
- - 	- Cn 
30.96 2.94 2.88 2.73 2.76 2.81 2.85 2.15 1.84 2.57 2.49 1.85 - - 
31.15 2.82 2.76 2.71 2.73 2.83 2.85 1.87 1.63 2.55 2.45 1.83 - 	- 
31.35 2.82 2.73 2.71 2.69 2.85 2.85 1.59 1.42 2.60 2.41 1.80 - - 
31.54 2.82 2.69 2.71 2.66 2.87 2.83 1.50 1.33 2.66 2.41 1.77 - 	- 
31.73 2.78 2.69 2.73 2.66 2.87 2.80 1.43 1.29 2.69 2.43 1.73 - - 
31.92 2.76 2.67 2.75 2.66 2.87 2.76 1.36 1.26 2.71 2.41 1.70 - 	- 
32.12 2.76 2.66 2.78 2.67 2.87 2.73 1.31 1.35 2.76 2.40 1.66 - - 
32.31 2.73 2.64 2.60 2.67 2.85 2.69 1.43 1.42 2.76 2.26 1.64 - 	- 
32.50 2.67 2.47 2.42 2.67 2.85 2.66 1.57 1.52 2.76 2.12 1.61 - - 
32.69 2.64 2.29 2.25 2.59 2.81 2.62 1.73 1.68 2.74 2.02 1.59 - 	- 
32.88 2.62 2.12 2.07 2.52 2.76 2.59 1.87 1.78 2.73 2.00 1.57 - - 
33.08 2.60 2.10 1.89 2.45 2.66 2.52 2.01 1.89 2.71 1.97 1.56 - 	- 
33.27 2.58 2.10 1.75 2.36 2.53 2.43 2.13 1.99 2.67 1.96 1.55 - - 
33.46 2.57 2.10 1.60 2.26 2.36 2.33 2.26 2.12 2.59 1.98 1.54 - 	- 
33.65 2.55 2.10 1.48 2.13 2.19 2.22 2.19 2.12 2.50 1.96 1.54 - - 
33.85 2.37 2.08 1.35 1.99 2.03 2.10 2.01 1.96 2.50 1.91 1.54 - 	- 
34.04 2.17 2.08 1.21 1.78 1.89 1.98 1.84 1.80 2.50 1.85 1.54 - - 
34.23 1.98 1.91 1.07 1.57 1.75 1.87 1.66 1.73 2.45 1.77 1.54 - 	- 
34.42 1.84 1.78 1.14 1.45 1.64 1.80 1.57 1.66 2.42 1.85 - - - 
34.62 1.75 1.84 1.21 1.35 1.54 1.73 1.49 1.59 2.37 1.95 - - 	- 
34.81 1.69 1.91 1.30 1.35 1.47 1.68 1.40 1.54 - 2.02 - - - 
35.00 1.62 1.99 1.35 1.35 1.40 1.63 1.29 1.52 - - - - 	- 
35.19 1.53 1.92 1.43 1.33 1.38 1.61 1.19 1.45 - - - - - 
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Clot thickness (mm) 
35.38 1.44 1.82 1.46 1.33 1.40 1.61 1.08 1.36 
35.58 1.35 1.71 1.48 1.35 1.45 1.63 0.96 1.24 
35.77 1.27 1.61 1.48 1.36 1.50 1.54 0.86 1.12 
35.96 1.27 1.43 1.48 1.38 1.43 1.47 0.84 1.10 
36.15 1.27 1.26 1.50 1.45 1.35 1.40 0.82 1.10 
36.35 1.27 1.26 1.52 1.45 1.26 1.29 0.80 1.00 
36.54 1.27 1.22 1.44 1.38 1.15 1.17 0.70 0.87 
36.73 1.28 1.22 1.37 1.29 1.07 1.07 0.59 0.75 
36.92 1.25 1.21 1.28 1.19 0.98 0.96 0.49 0.63 
37.12 1.21 1.15 1.19 1.08 0.91 0.86 0.44 0.52 
37.31 1.14 1.07 1.09 0.98 0.82 0.75 0.40 0.47 
37.50 1.03 0.98 0.98 0.87 0.70 0.65 0.38 0.44 
37.69 0.93 0.87 0.89 0.77 0.58 0.54 0.38 0.42 
37.88 0.82 0.77 0.80 0.66 0.45 0.54 0.40 0.42 
38.08 0.80 0.75 0.70 0.56 0.45 0.52 0.42 0.42 
38.27 0.78 0.73 0.59 0.47 0.45 0.51 0.45 0.40 
38.46 0.77 0.72 0.50 0.45 0.45 0.51 0.47 0.38 
38.65 0.73 0.68 0.50 0.44 0.45 0.51 0.49 0.38 
38.85 0.62 0.59 0.48 0.42 0.44 0.49 0.51 0.38 
39.04 0.52 0.51 0.46 0.42 0.42 0.47 0.52 0.38 
39.23 0.43 0.45 0.48 0.42 0.40 0.47 0.54 0.38 
39.42 0.41 0.44 0.50 0.44 0.40 0.47 0.56 0.38 
39.62 0.43 0.44 0.52 0.45 0.42 0.47 0.58 0.38 
39.81 0.45 0.45 0.52 0.47 0.44 0.47 0.61 0.40 
40.00 0.46 0.47 0.52 0.51 0.45 0.49 0.63 0.42 
40.19 0.48 0.49 0.53 0.54 0.47 0.52 0.65 0.44 
40.38 0.50 0.51 0.55 0.56 0.49 0.56 0.65 0.45 
40.58 0.52 0.54 0.55 0.58 0.51 0.59 0.66 0.49 
40.77 0.53 0.58 0.55 0.59 0.52 0.63 0.68 0.52 
40.96 0.55 0.61 0.59 0.61 0.56 0.66 0.70 0.56 
41.15 0.57 0.65 0.62 0.63 0.59 0.70 0.70 0.59 
41.35 0.61 0.65 0.64 0.65 0.63 0.72 0.72 0.63 
41.54 0.62 0.65 0.66 0.66 0.65 0.73 0.73 0.66 
41.73 0.64 0.66 0.68 0.68 0.66 0.75 0.75 0.70 
41.92 0.66 0.68 0.70 0.72 0.68 0.77 0.75 0.72 
42.12 0.71 0.72 0.71 0.73 0.70 0.79 0.75 0.73 
42.31 0.77 0.75 0.73 0.73 0.72 0.80 0.75 0.75 
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42.50 0.82 0.80 0.75 0.75 0.73 0.82 0.77 0.77 - - - - 	 - 
42.69 0.87 0.84 0.77 0.77 0.75 0.84 0.79 0.77 - - - - 	 - 
42.88 0.94 0.87 0.80 0.79 0.77 0.84 0.82 0.77 - - - - 	 - k 
43.08 1.02 0.93 0.84 0.80 0.77 0.84 0.86 0.79 - - - - 	 - 
43.27 1.07 0.98 0.86 0.80 0.77 0.86 0.93 0.80 - - - - 	 - 
43.46 1.11 1.03 0.87 0.80 0.79 0.87 0.96 0.82 - - - - 	 - 
43.65 1.12 1.08 0.93 0.82 0.80 0.91 1.00 0.86 - - - - 	 - 
43.85 1.14 1.12 0.96 0.84 0.84 0.93 1.03 0.86 - - - - 	 - 
44.04 1.16 1.15 1.00 0.84 0.87 0.94 1.05 0.86 - - - - 	 - t:z1 
44.23 1.14 1.15 1.03 0.84 0.91 0.96 1.07 0.89 - - - - 	
- 44.42 1.12 1.15 1.05 0.87 0.93 0.98 1.08 0.93 - - - ITJ 
44.62 1.11 1.14 1.09 0.91 0.94 1.00 1.08 0.96 - - - 
- 	
- 
- 	 - It 



























- 	 - 
- 	 - 
Cn 
Ci 
45.38 0.98 1.08 1.16 1.12 1.05 1.08 1.03 1.07 - - - - 	 - 
45.58 0.94 1.08 1.18 1.15 1.07 1.08 1.03 1.08 - - - - 	 - 
45.77 0.94 1.08 1.14 1.15 1.07 1.07 1.03 1.08 - - 1.28 - 	 - 
45.96 0.94 1.05 1.12 1.14 1.05 1.05 1.01 1.12 - - 1.24 - 	 - 
46.15 0.94 1.01 1.11 1.14 1.03 1.03 1.01 1.14 - - 1.20 - 	 - 
46.35 0.94 1.00 1.09 1.14 1.03 1.00 1.01 1.12 - - 1.15 - 	 - 
46.54 0.94 0.98 1.09 1.12 1.05 0.98 1.01 1.10 - - 1.13 1.15 	- 
46.73 0.96 0.96 1.09 1.10 1.07 0.96 1.01 1.10 - - 1.12 1.13 	- 
46.92 0.98 0.94 1.07 1.07 1.07 0.93 1.01 1.10 - 1.25 1.05 1.08 	- 
47.12 1.00 0.94 1.05 1.03 1.07 0.91 1.03 1.10 - 1.21 1.00 1.05 	- 
47.31 1.00 0.94 1.03 1.00 1.05 0.89 1.05 1.10 - 1.18 0.94 1.02 	- 
47.50 1.02 0.94 1.02 0.96 1.05 0.91 1.05 1.10 - 1.18 0.94 1.00 	- 
47.69 1.03 0.93 1.00 0.94 1.05 0.91 1.05 1.10 2.31 1.17 0.94 0.98 	- 
47.88 1.05 0.91 1.00 0.94 1.07 0.91 1.05 1.10 2.31 1.17 0.96 0.98 	- 
48.08 1.05 0.93 1.00 0.94 1.08 0.93 1.07 1.10 2.31 1.12 0.98 0.98 	- 
48.27 1.05 0.96 1.02 0.93 1.10 0.94 1.07 1.12 2.31 1.07 1.00 0.98 	- 
48.46 1.05 1.00 1.02 0.91 1.10 0.96 1.07 1.12 2.31 1.03 1.03 0.96 	- 
48.65 1.07 1.03 1.03 0.89 1.10 0.96 1.07 1.12 2.31 1.01 1.05 0.94 	- 
48.85 1.05 1.07 1.05 0.89 1.10 0.96 1.08 1.10 - 1.03 1.07 0.94 	- 
49.04 1.03 1.12 1.09 0.89 1.12 0.98 1.10 1.08 - 1.05 1.10 0.96 	- 
49.23 1.03 1.14 1.11 0.91 1.14 0.98 1.10 1.07 - 1.07 1.14 1.00 	- 
49.42 1.07 1.14 1.12 0.93 1.15 0.98 1.10 1.03 - 1.08 1.15 1.03 	- 
Continues on following page... 
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MM 
along Clot thickness (mm) 
wall 
4962 1.11 1.14 1.14 0.94 1.15 0.98 1.10 1.00 - 1.07 1.15 1.07 	- 
49.81 1.14 1.15 1.16 0.96 1.15 1.00 1.08 0.96 - 1.05 1.15 1.10 	- 
50.00 1.18 1.19 1.18 0.98 1.14 1.01 1.05 0.93 - 1.01 1.15 1.14 	- k 
50.19 1.23 1.22 1.19 1.01 1.10 1.03 1.01 0.89 - 1.00 1.15 1.17 	- 
50.38 1.27 1.24 1.21 1.07 1.07 1.05 1.00 0.86 - 0.98 1.15 1.21 	- 
50.58 1.30 1.26 1.25 1.12 1.03 1.07 0.98 0.84 - 0.96 1.15 1.26 	- 
50.77 1.30 1.26 1.25 1.15 1.01 1.08 0.98 0.84 - 0.94 1.15 1.29 	- 
50.96 1.32 1.26 1.23 1.17 1.00 1.10 0.98 0.84 - 0.91 1.14 1.33 	- 
51.15 1.35 1.24 1.21 1.19 1.00 1.12 0.98 0.84 - 0.89 1.12 1.36 	- 
51.35 1.39 1.22 1.21 1.19 1.00 1.14 0.98 0.84 - 0.89 1.10 1.36 	- 
51.54 1.41 1.22 1.21 1.17 1.00 1.14 0.98 0.87 2.31 0.89 1.10 1.36 	- 
51.73 1.41 1.22 1.21 1.15 1.00 1.12 0.96 0.89 2.34 0.91 1.12 1.36 	- 
51.92 1.41 1.22 1.21 1.14 0.98 1.10 0.96 0.91 2.36 0.93 1.14 1.35 	- 
52.12 1.39 1.21 1.23 1.14 0.98 1.10 0.98 0.93 2.37 0.96 1.15 1.31 	- Cn 
52.31 1.35 1.17 1.27 1.14 1.00 1.07 1.01 0.93 2.23 0.98 1.15 1.26 	- 
52.50 1.34 1.14 1.28 1.12 1.01 1.03 1.05 0.93 2.13 1.01 1.15 1.21 	- 
52.69 1.34 1.10 1.30 1.10 1.03 1.01 1.08 0.93 2.05 1.05 1.15 1.14 	- Cn 
52.88 1.35 1.08 1.32 1.10 1.05 1.01 1.10 0.91 1.96 1.08 1.15 1.10 	- 
53.08 1.37 1.07 1.34 1.10 1.07 1.00 1.10 0.91 1.85 1.14 1.19 1.05 	- 
53.27 1.35 1.07 1.34 1.10 1.07 1.00 1.10 0.93 1.75 1.19 1.24 1.00 	- 
53.46 1.32 1.07 1.34 1.10 1.07 1.00 1.10 0.94 1.63 1.21 1.29 0.96 	- 
53.65 1.28 1.08 1.34 1.14 1.08 1.01 1.10 0.94 1.50 1.22 1.31 0.93 	- 
53.85 1.27 1.12 1.34 1.17 1.10 1.03 1.12 0.96 1.38 1.24 1.29 0.89 	- 
5404 1.25 1.15 1.34 1.21 1.14 1.05 1.14 0.98 1.26 1.26 1.28 0.86 	- 
54.23 1.23 1.19 1.32 1.21 1.17 1.05 1.17 1.00 1.14 1.28 1.28 0.84 	- 
54.42 1.23 1.24 1.28 1.21 1.21 1.08 1.19 1.03 1.15 1.33 1.29 0.84 	- 
54.62 1.23 1.29 1.25 1.21 1.24 1.12 1.21 1.07 1.15 1.36 1.31 0.84 	- 
54.81 1.21 1.33 1.21 1.19 1.28 1.14 1.22 1.10 1.15 1.40 1.31 0.86 	- 
55.00 1.19 1.36 1.19 1.17 1.29 1.15 1.26 1.14 1.15 1.43 1.31 0.84 	- 
55.19 1.18 1.40 1.19 1.17 1.31 1.19 1.29 1.15 1.15 1.45 1.29 0.84 	- 
55.38 1.18 1.42 1.21 1.17 1.33 1.21 1.31 1.15 1.17 1.47 1.26 0.84 	- 
55.58 1.18 1.45 1.23 1.17 1.35 1.22 1.33 1.15 1.19 1.50 1.22 0.84 	- 
55.77 1.18 1.47 1.23 1.15 1.35 1.24 1.33 1.15 1.19 1.52 1.22 0.84 	- 
55.96 1.18 1.47 1.23 1.14 1.35 1.26 1.33 1.15 1.19 1.52 1.24 0.84 	- 
56.15 1.18 1.47 1.23 1.12 1.35 1.28 1.33 1.15 1.19 1.50 1.26 0.84 	- 
56.35 1.18 1.47 1.23 1.12 1.35 1.29 1.31 1.15 1.19 1.49 1.26 0.84 	- 
56.54 1.19 1.47 1.23 1.12 1.35 1.31 1.29 1.15 1.19 1.45 1.26 0.84 	- 
Continues on following page... ND 
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mm 
along Clot thickness (mm) 
wall 
56.73 1.21 1.47 1.23 1.12 1.35 1.33 1.28 1.15 1.19 1.43 1.26 0.84 	- 
56.92 1.23 1.49 1.23 1.14 1.35 1.35 1.26 1.17 1.19 1.42 1.28 0.86 	- 
57.12 1.25 1.50 1.23 1.15 1.35 1.35 1.22 1.19 1.21 1.42 1.29 0.89 	- k 
57.31 1.27 1.52 1.23 1.15 1.35 1.35 1.21 1.21 1.22 1.42 1.31 0.93 	- 
57.50 1.27 1.54 1.23 1.17 1.35 1.35 1.21 1.22 1.22 1.40 1.31 0.96 	- 
57.69 1.27 1.54 1.23 1.19 1.35 1.35 1.21 1.24 1.24 1.38 1.31 1.00 	- 
57.88 1.27 1.54 1.27 1.21 1.35 1.35 1.24 1.26 1.28 1.38 1.29 1.03 	- 
58.08 1.27 1.54 1.32 1.22 1.35 1.35 1.28 1.28 1.29 1.38 1.24 1.07 	- 
58.27 1.27 1.54 1.37 1.22 1.35 1.35 1.31 1.29 1.29 1.40 1.19 1.10 	- 
58.46 1.27 1.50 1.41 1.22 1.35 1.35 1.35 1.31 1.29 1.36 1.14 1.12 	- 
58.65 1.25 1.47 1.43 1.22 1.35 1.35 1.38 1.33 1.29 1.33 1.08 1.14 	- 
58.85 1.24 1.46 1.45 1.23 1.35 1.35 1.40 1.35 1.31 1.33 1.06 1.15 	- 
59.04 1.22 1.45 1.48 1.24 1.35 1.35 1.43 1.35 1.32 1.32 1.03 1.15 	- 
59.23 1.20 1.44 1.52 1.25 1.35 1.35 1.47 1.35 1.32 1.30 0.99 1.15 	- 
59.42 1.18 1.43 1.54 1.26 1.35 1.35 1.48 1.35 1.32 1.26 0.93 1.15 	- 




Edinburgh valve, 2.3 1/mm, steady flow, viewed from position 1 
11.01 10.51 9.52 8.51 7.52 6.52 5.52 4.51 4.01 3.52 3.02 2.51 2.015 (nits) 
hun 
along Clot thickness (mm) 
wall 
0.19 4.62 4.51 4.58 4.52 4.42 4.71 4.62 4.71 5.23 4.97 4.23 2.28 - 
0.38 4.62 4.54 4.59 4.53 4.42 4.68 4.62 4.70 5.21 4.96 4.20 2.39 - 
0.58 4.62 4.56 4.57 4.54 4.42 4.68 4.64 4.71 5.20 4.95 4.18 2.48 - 
0.77 4.62 4.58 4.55 4.55 4.42 4.68 4.64 4.72 5.16 4.95 4.17 2.54 - 
0.96 4.63 4.61 4.54 4.58 4.42 4.69 4.63 4.73 5.14 4.94 4.15 2.60 - 
1.15 4.65 4.65 4.58 4.62 4.44 4.69 4.63 4.74 5.12 4.92 4.16 2.64 - 
1.35 4.69 4.71 4.63 4.67 4.46 4.69 4.65 4.74 5.06 4.90 4.16 2.74 - 
1.54 4.72 4.76 4.70 4.72 4.48 4.69 4.67 4.76 5.01 4.87 4.16 2.85 - 
1.73 4.77 4.81 4.77 4.76 4.49 4.67 4.69 4.77 4.99 4.83 4.16 2.95 - 
1.92 4.83 4.85 4.83 4.77 4.51 4.63 4.69 4.76 4.97 4.80 4.16 3.06 1.15 
2.12 4.88 4.88 4.86 4.79 4.55 4.62 4.69 4.74 4.96 4.76 4.16 3.16 1.12 
2.31 4.93 4.92 4.86 4.81 4.56 4.63 4.69 4.81 4.92 4.72 4.14 3.16 1.09 
2.50 4.98 4.94 4.88 4.83 4.58 4.65 4.69 4.90 4.88 4.69 4.14 3.16 1.07 
2.69 5.03 4.96 4.93 4.84 4.56 4.65 4,67 4.97 4.85 4.67 4.14 3.16 1.05 
2.88 5.09 4.97 5.00 4.86 4.60 4.65 4.69 5.02 4.85 4.63 4.14 3.16 1.03 
3.08 5.12 4.97 5.07 4.86 4.62 4.65 4.72 5.05 4.85 4.60 4.14 3.15 1.00 
3.27 5.16 4.97 5.09 4.84 4.60 4.67 4.76 5.10 4.85 4.58 4.13 3.13 0.95 
3.46 5.17 4.97 5.09 4.84 4.58 4.74 4.77 5.16 4.85 4.56 4.11 3.11 0.90 
3.65 5.21 4.97 5.09 4.84 4.58 4.80 4.79 5.21 4.83 4.56 4.09 3.09 0.87 
3.85 5.21 4.97 5.07 4.84 4.58 4.87 4.79 5.24 4.81 4.58 4.06 3.06 0.85 
4.04 5.19 4.99 5.07 4.84 4.58 4.94 4.81 5.28 4.81 4.60 4.02 3.02 0.83 
4.23 5.16 4.99 5.09 4.83 4.56 5.01 4.84 5.31 4.81 4.62 3.97 2.99 0.80 
4.42 5.12 4.99 5.10 4.81 4.56 5.03 4.88 5.28 4.85 4.63 3.93 2.97 0.82 
4.62 5.07 4.99 5.12 4.77 4.53 5.03 4.91 5.23 4.87 4.63 3.90 2.95 0.87 
4.81 5.05 4.99 5.12 4.76 4.51 5.03 4.95 5.17 4.88 4.63 3.86 2.94 0.91 
5.00 5.03 4.99 5.10 4.76 4.48 5.03 4.98 5.14 4.90 4.65 3.83 2.92 0.94 
5.19 5.02 4.99 5.09 4.77 4.46 5.03 5.00 5.14 4.94 4.69 3.79 2.92 0.97 
5.38 4.98 4.97 5.07 4.79 4.46 5.01 5.02 5.12 4.97 4.72 3.76 2.92 1.02 
5.58 4.95 4.96 5.05 4.76 4.46 4.94 5.03 5.10 4.99 4.72 3.76 2.92 1.07 
5.77 4.90 4.94 5.02 4.69 4.44 4.90 5.02 5.09 5.03 4.71 3.76 2.92 1.12 
5.96 4.86 4.92 5.00 4.63 4.42 4.87 5.00 5.10 5.03 4.69 3.78 2.94 1.15 
6.15 4.84 4.90 4.97 4.58 4.41 4.85 4.98 5.14 5.01 4.67 3.79 2.94 1.19 
6.35 4.84 4.92 4.93 4.55 4.37 4.83 4.95 5.19 4.99 4.65 3.83 2.94 1.24 
6.54 4.83 4.94 4.91 4.58 4.34 4.83 4.93 5.24 4.96 4.62 3.86 2.94 1.24 
6.73 4.84 4.96 4.90 4.67 4.34 4.85 4.91 5.28 4.94 4.60 3.90 2.94 1.21 
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MM 
along Clot thickness (mm) 
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6.92 4.83 4.97 4.88 4.74 4.34 4.85 4.90 5.31 4.92 4.55 3.92 2.92 1.19 
7.12 4.81 4.99 4.86 4.79 4.35 4.85 4.86 5.35 4.88 4.49 3.93 2.90 1.21 
7.31 4.79 4.99 4.84 4.81 4.37 4.85 4.81 5.37 4.83 4.40 3.93 2.87 1.24 k 
7.50 4.77 4.97 4.83 4.83 4.39 4.85 4.74 5.38 4.78 4.31 3.92 2.83 1.26 
7.69 4.76 4.96 4.79 4.88 4.41 4.85 4.65 5.38 4.74 4.26 3.86 2.78 1.28 
7.88 4.74 4.94 4.77 4.97 4.44 4.83 4.60 5.37 4.71 4.22 3.79 2.74 1.33 
8.08 4.72 4.92 4.76 5.03 4.51 4.80 4.56 5.31 4.71 4.19 3.71 2.71 1.42 
8.27 4.70 4.90 4.74 5.03 4.58 4.74 4.53 5.21 4.72 4.17 3.64 2.71 1.50 
8.46 4.69 4.87 4.72 5.05 4.67 4.69 4.51 5.09 4.74 4.15 3.57 2.71 1.59 
8.65 4.70 4.83 4.70 5.00 4.77 4.65 4.49 4.97 4.76 4.15 3.51 2.71 1.68 
8.85 4.70 4.80 4.69 4.91 4.88 4.60 4.48 4.86 4.76 4.17 3.48 2.71 1.77 171 
9.04 4.72 4.76 4.67 4.83 4.98 4.55 4.46 4.77 4.76 4.19 3.46 2.73 1.84 
9.23 4.74 4.72 4.65 4.74 5.07 4.47 4.44 4.69 4.76 4.21 3.43 2.71 1.89 
9.42 4.76 4.67 4.65 4.69 5.14 4.40 4.44 4.60 4.76 4.24 3.41 2.71 1.92 
9.62 4.79 4.63 4.65 4.63 5.19 4.33 4.46 4.51 4.74 4.28 3.41 2.69 1.96 
9.81 4.83 4.60 4.65 4.58 5.10 4.26 4.49 4.46 4.71 4.28 3.41 2.67 1.98 
10.00 4.86 4.56 4.63 4.51 5.00 4.19 4.53 4.44 4.67 4.28 3.44 2.64 1.94 
10.19 4.88 4.56 4.60 4.44 4.90 4.14 4.58 4.44 4.63 4.28 3.50 2.60 1.87 
10.38 4.88 4.33 4.56 4.44 4.79 4.08 4.65 4.48 4.58 4.26 3.53 2.55 1.77 
10.58 4.88 4.10 4.51 4.42 4.76 4.03 4.70 4.51 4.53 4.24 3.57 2.50 1.64 
10.77 4.86 3.87 4.44 4.41 4.70 3.98 4.74 4.53 4.49 4.22 3.57 2.47 1.52 
10.96 4.85 3.64 4.37 4.39 4.65 3.94 4.77 4.53 4.51 4.19 3.55 2.43 1.42 
11.15 4.83 3.35 4.09 4.37 4.60 3.92 4.81 4.51 4.55 4.17 3.51 2.40 1.31 
11.35 4.80 3.05 3.83 4.35 4.55 3.92 4.84 4.53 4.58 4.14 3.50 2.40 1.21 
11.54 4.78 3.01 3.55 4.30 4.51 3.94 4.86 4.56 4.62 4.10 3.46 2.40 1.10 
11.73 4.76 2.98 3.50 4.25 4.49 3.99 4.88 4.62 4.65 4.06 3.43 2.40 1.03 
11.92 4.76 2.94 3.46 4.20 4.62 4.05 4.88 4.65 4.71 4.05 3.39 2.40 1.01 
12.12 4.76 2.91 3.44 4.23 4.74 4.08 4.88 4.67 4.74 4.03 3.34 2.38 1.01 
12.31 4.78 2.83 3.44 4.30 4.81 4.08 4.84 4.69 4.78 4.01 3.29 2.36 1.03 
12.50 4.80 2.99 3.43 4.37 4.88 4.08 4.77 4.70 4.81 3.99 3.23 2.34 1.08 
12.69 4.82 3.16 3.43 4.44 4.86 4.08 4.67 4.72 4.85 3.98 3.16 2.31 1.15 
12.88 4.83 3.32 3.46 4.51 4.81 4.08 4.56 4.76 4.87 3.96 3.11 2.26 1.22 
13.08 4.84 3.48 3.53 4.56 4.76 4.08 4.46 4.79 4.80 3.94 3.04 2.20 1.29 
13.27 4.85 3.73 3.81 4.60 4.70 4.08 4.35 4.83 4.71 3.92 2.99 2.15 1.36 
13.46 4.84 3.99 4.07 4.63 4.65 4.08 4.23 4.83 4.60 3.92 2.94 2.12 1.43 
13.65 4.81 4.05 4.34 4.70 4.58 4.10 4.13 4.81 4.49 3.92 2.92 2.12 1.49 
13.85 4.76 4.10 4.37 4.76 4.51 4.08 4.02 4.74 4.40 3.90 2.90 2.13 1.50 
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RIM 
along Clot thickness (mm) 
wall tj 
14.04 4.69 4.15 4.41 4.79 4.46 4.06 3.93 4.65 4.35 3.87 2.92 2.13 1.47 Z 
14.23 4.65 4.19 4.44 4.76 4.41 4.06 3.88 4.56 4.33 3.83 2.94 2.15 1.42 
14.42 4.63 4.24 4.46 4.70 4.37 4.08 3.86 4.51 4.31 3.80 2.97 2.17 1.36 k 
14.62 4.63 4.28 4.49 4.65 4.34 4.06 3.65 4.48 4.30 3.74 3.01 2.17 1.31 
14.81 4.62 4.31 4.53 4.58 4.32 4.05 3.46 4.44 4.28 3.69 3.06 2.19 1.24 
15.00 4.56 4.35 4.51 4.51 4.28 4.03 3.27 4.41 4.26 3.64 3.11 2.20 1.15 H 
15.19 4.51 4.39 4.44 4.44 4.25 4.05 3.27 4.39 4.28 3.58 3.16 2.22 1.08 
15.38 4.46 4.39 4.37 4.39 4.21 4.05 3.25 4.34 4.28 3.53 3.16 2.20 1.01 tx 
15.58 4.44 4.39 4.30 4.32 4.16 4.05 3.25 4.28 4.30 3.48 3.15 2.17 0.94 
15.77 4.44 4.37 4.23 4.23 4.11 3.90 3.25 4.23 4.31 3.42 3.09 2.10 0.91 o 
15.96 4.46 4.35 4.20 4.20 4.07 3.76 3.25 4.23 4.35 3.40 3.04 2.01 0.87 
16.15 4.48 4.33 4.16 4.18 4.02 3.62 3.25 4.27 4.35 3.42 2.95 1.94 0.84 
16.35 4.46 4.33 4.13 4.16 3.97 3.49 3.22 4.30 4.31 3.44 2.85 1.87 0.84 
16.54 4.42 4.30 4.04 4.14 3.85 3.39 3.15 4.30 4.21 3.37 2.71 1.83 0.82 
16.73 4.39 4.26 3.93 4.02 3.71 3.30 3.25 4.20 4.10 3.32 2.63 1.79 0.80 
16.92 4.37 4.25 3.88 4.00 3.63 3.19 3.32 4.06 3.96 3.26 2.54 1.75 0.80 H 
17.12 4.38 4.25 3.87 3.97 3.61 3.08 3.39 3.92 3.81 3.25 2.43 1.70 0.83 
17.31 4.40 4.24 3.87 3.97 3.58 2.92 3.35 3.87 3.67 3.25 2.31 1.63 0.83 
17.50 4.42 4.23 3.87 3.96 3.54 2.82 3.31 3.85 3.63 3.24 2.24 - 0.84 
17.69 4.42 4.22 3.88 3.97 3.53 2.70 3.27 3.82 3.57 3.22 - - 0.85 
17.88 - - - - .. 2.70 3.21 3.79 3.50 3.20 - - 0.83 
18.08 - - - - - 2.69 3.14 3.72 3.39 - - - - 
18.27 - - - - • 2.68 - - 3.24 - - - - 
43.08 - - - - -. - - 2.28 - - - - - 
43.27 - - - - -. - - 2.31 - - - - - 
43.46 2.79 2.84 3.08 2.69 2.44 2.88 2.21 2.33 2.65 2.22 1.92 2.05 - 
43.65 2.77 2.80 3.19 2.75 2.42 2.91 2.20 2.37 2.66 2.24 1.92 2.03 - 
43.85 2.79 2.75 3.27 2.76 2.40 2.94 2.21 2.40 2.67 2.25 1.92 2.02 - 
44.04 2.82 2.70 3.33 2.76 2.39 2.98 2.22 2.43 2.68 2.27 1.94 2.01 - 
44.23 2.85 2.67 3.38 2.73 2.38 3.02 2.23 2.50 2.69 2.27 1.96 2.00 - 
44.42 2.90 2.64 3.41 2.71 2.38 3.07 2.24 2.59 2.69 2.28 198 2.01 - 
44.62 2.97 2.58 3.48 3.32 2.38 3.17 2.24 2.69 2.75 2.30 2.01 2.03 - 
44.81 3.02 2.53 3.53 3.95 2.40 3.24 2.24 2.76 2.83 2.32 2.05 2.03 - 
45.00 3.08 2.48 3.58 4.55 2.40 3.28 2.26 2.83 2.91 2.34 2.10 2.03 - 
45.19 3.13 2.48 3.62 5.16 2.38 3.32 2.31 2.90 2.99 2.35 2.15 2.03 - 
45.38 3.16 2.51 3.60 5.73 2.36 3.35 2.36 2.97 3.10 2.37 2.20 2.01 - 
45.58 3.22 2.55 3.58 6.35 2.34 3.39 2.43 3.06 3.21 2.39 2.26 1.99 - 
Continues on following page... tQ 
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mm 
along Clot thickness (mm) 
wall 
45.77 3.27 2.58 3.53 6.94 2.34 3.40 2.50 3.15 3.32 2.42 2.31 1.96 	- 
45.96 3.30 2.62 3.46 6.92 2.34 3.42 2.55 3.23 3.42 2.46 2.34 1.92 	- 
46.15 3.30 2.66 3.37 6.94 2.34 3.44 2.60 3.30 3.53 2.48 2.34 1.91 	- k 
46.35 3.30 2.69 3.29 6.98 2.34 3.46 2.66 3.36 3.62 2.48 2.33 1.89 	- 
46.54 3.25 2.73 3.22 6.99 2.34 3.44 2.71 3.39 3.71 2.48 2.31 1.85 	- 
46.73 3.20 2.76 3.20 6.42 2.36 3.33 2.73 3.41 3.65 2.51 2.27 1.80 	- 
46.92 3.15 2.82 3.18 5.82 2.40 3.24 2.73 3.44 3.53 2.55 2.26 1.75 	- 
47.12 3.11 2.87 3.15 5.23 2.43 3.16 2.73 3.48 3.40 2.58 2.22 1.70 	- 
47.31 3.09 2.87 3.13 4.62 2.48 3.05 2.71 3.44 3.26 2.62 2.19 1.64 	- 
47.50 3.13 2.85 3.11 4.02 2.53 2.94 2.67 3.39 3.12 2.64 2.15 1.63 	
- o 
47.69 3.13 2.83 3.08 3.39 2.59 2.85 2.62 3.34 2.98 2.57 2.12 1.59 	- 
47.88 3.11 2.83 3.02 2.76 2.62 2.78 2.57 3.27 2.85 2.48 2.06 1.57 	- 
48.08 3.08 2.85 2.97 2.76 2.62 2.71 2.52 3.18 2.73 2.39 2.03 1.54 	- tM 
48.27 3.04 2.85 2.92 2.74 2.62 2.64 2.47 3.13 2.60 2.35 1.99 1.49 	- 
48.46 3.01 2.85 2.87 2.73 2.62 2.57 2.41 3.04 2.50 2.35 1.98 1.43 	- 
48.65 3.01 2.85 2.81 2.74 2.62 2.51 2.36 2.95 2.37 2.35 1.96 1.38 	- 
48.85 3.02 2.87 2.76 2.74 2.62 2.53 2.34 2.87 2.37 2.32 1.96 1.33 	- 
49.04 3.04 2.89 2.73 2.76 2.62 2.55 2.34 2.78 2.41 2.28 1.96 1.29 	- 
49.23 3.02 2.91 2.69 2.78 2.62 2.55 2.33 2.67 2.44 2.26 1.98 1.26 	- 
49.42 2.99 2.92 2.64 2.81 2.62 2.53 2.29 2.66 2.48 2.25 1.99 1.24 	- 
49.62 2.92 2.92 2.59 2.81 2.62 2.53 2.29 2.67 2.50 2.23 1.99 1.22 	- 
49.81 2.85 2.91 2.55 2.81 2.60 2.50 2.29 2.67 2.50 2.30 1.99 1.22 	- 
50.00 2.80 2.87 2.53 2.83 2.60 2.46 2.29 2.67 2.48 2.37 2.01 1.22 	- 
50.19 2.76 2.83 2.53 2.85 2.62 2.44 2.31 2.69 2.46 2.44 2.03 1.24 	- 
50.38 2.74 2.82 2.55 2.87 2.60 2.42 2.33 2.67 2.46 2.48 2.06 1.26 	- 
50.58 2.71 2.82 2.60 2.88 2.59 2.41 2.34 2.71 2.50 2.50 2.12 1.29 	- 
50.77 2.67 2.83 2.67 2.88 2.57 2.37 2.36 2.71 2.55 2.53 2.17 1.33 	- 
50.96 2.64 2.83 2.73 2.92 2.53 2.35 2.38 2.69 2.60 2.57 2.20 1.38 	- 
51.15 2.60 2.80 2.76 2.94 2.55 2.32 2.38 2.67 2.64 2.58 2.22 1.45 	- 
51.35 2.59 2.78 2.80 2.95 2.57 2.28 2.36 2.66 2.67 2.58 2.22 1.50 	- 
51.54 2.57 2.78 2.83 2.94 2.57 2.28 2.36 2.62 2.69 2.57 2.20 1.54 	- 
51.73 2.59 2.78 2.83 2.92 2.55 2.26 2.34 2.57 2.71 2.53 2.20 1.57 	- 
51.92 2.60 2.78 2.81 2.92 2.55 2.28 2.34 2.52 2.73 2.48 2.19 1.61 	- 
52.12 2.60 2.80 2.80 2.99 2.57 2.30 2.36 2.47 2.75 2.42 2.17 1.64 	- 
52.31 2.59 2.80 2.80 3.06 2.59 2.32 2.36 2.41 2.73 2.39 2.15 1.66 	- 
52.50 2.57 2.80 2.80 3.11 2.62 2.32 2.34 2.40 2.69 2.35 2.13 1.68 	- 
52.69 2.55 2.78 2.76 3.16 2.64 2.30 2.33 2.34 2.62 2.30 2.10 1.68 	- 
Continues on following page... ND 
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MM 
along Clot thickness (mm) 
wall 
52.88 2.52 2.75 2.69 3.22 2.66 2.28 2.31 2.31 2.55 2.23 2.08 1.68 	- 
53.08 2.48 2.69 2.62 3.23 2.66 2.26 2.29 2.29 2.50 2.14 2.06 1.66 	- 
53.27 2.45 2.67 2.53 3.23 2.59 2.26 2.29 2.29 2.44 2.07 2.05 1.61 	- k 
53.46 2.41 2.64 2.45 3.23 2.52 2.28 2.31 2.31 2.39 2.01 2.03 1.56 	- 
53.65 2.38 2.60 2.45 3.25 2.50 2.28 2.33 2.34 2.35 1.98 2.01 1.50 	- 
53.85 2.33 2.55 2.50 3.25 2.50 2.28 2.34 2.38 2.32 1.96 1.99 1.48 	- 
54.04 2.29 2.51 2.53 3.23 2.50 2.26 2.34 2.41 2.30 1.96 2.01 1.45 	- 
54.23 2.29 2.51 2.59 3.15 2.48 2.23 2.31 2.45 2.28 1.96 2.03 1.42 	- 
54.42 2.33 2.55 2.62 3.06 2.48 2.17 2.27 2.48 2.30 1.94 2.05 1.40 	- trj 
54.62 2.36 2.58 2.64 2.99 2.50 2.14 2.26 2.52 2.30 1.93 2.06 1.38 	- 
54.81 2.41 2.62 2.66 2.90 2.53 2.12 2.24 2.57 2.30 1.93 2.08 - 	 - 
55.00 2.45 2.64 2.69 2.76 2.57 2.12 2.22 2.62 2.30 1.93 2.06 - 	 - 
55.19 2.47 2.67 2.71 2.66 2.60 2.12 2.20 2.66 2.28 1.94 2.05 - 	 - 
55.38 2.50 2.69 2.74 2.57 2.62 2.10 2.19 2.67 2.26 1.96 2.03 - 	 - 
55.58 2.53 2.71 2.76 2.48 2.64 2.09 2.13 2.67 2.25 1.96 2.01 - 	 - 
55.77 2.57 2.71 2.67 2.40 2.62 2.07 2.08 2.66 2.25 1.96 2.01 - 	 - H 
55.96 2.60 2.71 2.57 2.36 2.62 2.05 2.03 2.64 2.26 1.96 2.01 - 	
- c1 
56.15 2.62 2.71 2.50 2.33 2.62 2.05 2.01 2.62 2.26 1.96 1.97 - 	 - 
56.35 2.62 2.69 2.47 2.33 2.62 2.07 2.01 2.60 2.26 1.96 1.91 - 	 - 
56.54 2.59 2.66 2.43 2.33 2.59 2.09 2.01 2.57 2.26 1.94 1.83 - 	 - 
56.73 2.55 2.60 2.41 2.33 2.55 2.09 2.01 2.50 2.30 1.93 1.72 - 	 - 
56.92 2.50 2.53 2.40 2.33 2.50 2.09 1.99 2.43 2.34 1.91 1.62 - 	 - 
57.12 2.47 2.50 2.38 2.38 2.43 2.07 1.99 2.38 2.41 1.89 1.53 - 	 - 
57.31 2.41 2.44 2.38 2.38 2.36 2.05 1.98 2.33 2.50 1.87 1.48 - 	 - 
57.50 2.34 2.37 2.34 2.38 2.29 2.03 1.94 2.27 2.58 1.85 1.42 - 	 - 
57.69 2.27 2.30 2.33 2.36 2.24 2.01 1.94 2.20 2.57 1.84 1.39 - 	 - 
57.88 2.20 2.25 2.33 2.34 2.20 2.01 1.92 2.13 2.55 1.80 1.37 - 	 - 
58.08 2.13 2.21 2.33 2.31 2.15 2.01 1.91 2.10 2.51 1.76 1.34 - 	 - 
58.27 2.08 2.20 2.31 2.29 2.10 2.00 1.85 2.05 2.50 1.62 1.32 - 	 - 
58.46 2.01 2.16 2.29 2.24 2.05 1.98 1.83 2.00 2.48 1.48 1.31 - 	 - 
58.65 1.98 2.11 2.26 2.17 2.01 1.94 1.79 1.95 2.44 1.37 1.32 - 	 - 
58.85 1.94 2.07 2.24 2.12 1.98 1.92 1.75 1.92 2.43 1.33 1.37 - 	 - 
59.04 1.92 2.06 2.20 2.07 1.97 1.90 1.73 - 2.42 1.29 1.43 - 	 - 
59.23 1.90 - 2.15 2.02 1.97 1.89 1.67 - 2.35 1.23 1.51 - 	 - 
59.42 1.89 - - 2.01 2.01 1.88 - - 2.24 1.15 - - 	 - 





LIXIM 11.01 10.52 9.51 8.51 7.51 7.01 6.52 5.52 4.52 4.00 3.51 3.00 	2.51 nins) 
HIM 
along Clot thickness (mm) 
wall 
0.19 13.69 13.72 13.56 13.78 13.72 14.12 14.08 13.85 - 13.91 - - 	 - 
0.38 13.65 13.71 13.54 13.76 13.71 14.12 14.09 13.85 - 13.90 - - 	 - 
0.58 13.63 13.70 13.53 13.75 13.70 14.09 14.07 13.85 - 13.89 - - 	 - 
0.77 13.61 13.70 13.53 13.74 13.70 14.07 14.05 13.85 - 13.89 - - 	 - 
0.96 13.60 13.69 13.54 13.73 13.69 14.08 14.06 13.85 - 13.88 - - 	 - 
1.15 13.58 13.69 13.55 13.72 13.69 14.08 14.06 13.85 - 13.88 - - 	 - 
1.35 13.55 13.69 13.55 13.71 13.69 14.08 14.06 13.85 13.78 13.86 - - 	 - 
1.54 13.51 13.69 13.57 13.69 13.69 14.08 14.08 13.85 13.79 13.85 - - 	 - 
1.73 13.50 13.67 13.58 13.67 13.69 14.08 14.08 13.85 13.80 13.85 - - 	 - 
1.92 13.48 13.65 13.58 13.65 13.65 14.08 14.06 13.83 13.80 13.83 - - 	 - 
2.12 13.46 13.67 13.57 13.65 13.62 14.08 14.03 13.81 13.81 13.81 - - 	 - 
2.31 13.46 13.69 13.57 13.64 13.60 14.08 13.99 13.79 13.81 13.79 - - 	 - 
2.50 13.46 13.69 13.58 13.60 13.58 14.08 13.96 13.78 13.83 13.78 - - 	 - 
2.69 13.46 13.67 13.60 13.57 13.57 14.08 13.94 13.74 13.85 13.76 13.63 13.65 - 
2.88 13.46 13.65 13.60 13.55 13.53 14.08 13.92 13.72 13.83 13.74 13.61 13.65 	- 
3.08 13.46 13.62 13.58 13.53 13.51 14.06 13.87 13.71 13.81 13.71 13.60 13.65 - 
3.27 13.46 13.58 13.55 13.51 13.50 14.05 13.81 13.69 13.79 13.67 13.59 13.65 	- 
3.46 13.46 13.55 13.51 13.50 13.48 14.05 13.76 13.67 13.78 13.64 13.59 13.63 - 
3.65 13.44 13.51 13.48 13.48 13.46 14.03 13.73 13.65 13.76 13.60 13.62 13.62 	- 
3.85 13.41 13.50 13.43 13.46 13.46 14.03 13.68 13.64 13.74 13.57 13.64 13.60 - 
4.04 13.37 13.48 13.37 13.44 13.50 14.01 13.65 13.64 13.72 13.55 13.64 13.58 	- 
4.23 13.34 13.44 13.34 13.43 13.53 13.99 13.64 13.65 13.71 13.53 13.62 13.55 - 
4.42 13.30 13.39 13.30 13.43 13.57 13.96 13.63 13.69 13.71 13.51 13.62 13.51 	- 
4.62 13.27 13.36 13.27 13.44 13.57 13.92 - 13.72 13.71 13.50 13.64 13.46 - 
4.81 13.23 13.34 13.22 13.46 13.55 13.90 - 13.79 13.71 13.50 13.67 13.41 	- 
5.00 13.20 13.30 13.18 13.44 13.55 13.89 - 13.85 13.71 13.51 13.69 13.37 - 
5.19 13.16 13.29 13.15 13.43 13.55 13.87 - 13.90 13.67 13.57 13.71 13.34 	- 
5.38 13.15 13.27 13.13 13.41 13.55 13.85 - 13.95 13.64 13.64 13.69 13.29 - 
5.58 13.15 13.25 13.11 13.39 13.53 13.81 - 13.99 13.60 13.71 13.67 13.25 	- 
5.77 13.15 13.22 13.09 13.37 13.51 13.80 - 14.00 13.55 13.79 13.60 13.22 - 
5.96 13.16 13.16 13.08 13.34 13.46 13.76 - 14.02 13.48 13.85 13.53 13.18 	- 
6.15 13.16 13.11 13.06 13.27 13.37 13.74 - 14.02 13.41 13.83 13.48 13.13 - 
6.35 13.16 13.06 13.02 13.22 13.29 13.71 - 13.99 13.34 13.81 13.44 13.08 	- 
6.54 13.15 13.02 12.99 13.16 13.20 13.67 - 13.92 13.25 13.79 13.39 13.02 - 
6.73 13.13 12.99 12.94 13.11 13.15 13.64 13.37 13.85 13.16 13.78 13.35 13.01 	11.12 
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MM 
along Clot thickness (mm) 
Wall 
692 13.09 12.94 12.90 13.06 13.11 13.58 13.31 13.74 13.08 13.74 13.30 12.97 11.10 
7.12 13.04 12.90 12.87 13.02 13.08 13.51 13.24 13.64 13.01 13.69 13.24 12.92 11.11 
7.31 12.99 12.87 12.83 12.99 13.02 13.44 13.18 13.53 12.97 13.57 13.17 12.87 11.11 k 
7.50 12.90 12.83 12.80 12.95 12.97 13.37 13.14 13.41 12.94 13.43 13.12 12.83 11.12 
7.69 12.80 12.80 12.74 12.92 12.92 13.30 13.08 13.30 12.90 13.29 13.07 12.80 11.12 
7.88 12.71 12.76 12.69 12.85 12.88 13.23 12.99 13.22 12.88 13.13 13.03 12.76 11.10 H 
8.08 12.64 12.71 12.66 12.80 12.87 13.17 12.89 13.11 12.87 13.01 12.99 12.74 11.08 
8.27 12.59 12.67 12.62 12.78 12.87 13.14 12.80 13.01 12.85 12.95 12.96 12.74 11.08 tx 
8.46 12.53 12.64 12.60 12.74 12.85 13.12 12.75 12.92 12.83 12.88 12.92 12.76 11.10 
8.65 12.50 12.59 12.59 12.71 12.80 13.10 12.67 12.85 12.81 12.81 12.87 12.78 10.98 
8.85 12.45 12.52 12.55 12.67 12.74 13.05 12.60 12.78 12.76 12.73 12.78 12.78 10.86 
9.04 12.40 12.47 12.52 12.64 12.69 13.01 12.55 12.71 12.67 12.64 12.71 12.73 10.73 
9.23 12.34 12.41 12.47 12.59 12.64 12.99 12.51 12.62 12.59 12.53 12.60 12.67 10.59 
9.42 12.29 12.36 12.41 12.53 12.59 12.96 12.46 12.52 12.50 12.48 12.50 12.62 10.44 Ci 
9.62 12.26 12.31 12.36 12.45 12.52 12.91 12.39 12.43 12.40 12.41 12.42 12.57 10.30 
9.81 12.22 12.19 12.31 12.36 12.47 12.85 12.34 12.33 12.29 12.34 12.35 12.50 10.17 
10.00 12.17 12.06 12.26 12.29 12.36 12.78 12.25 12.22 12.19 12.27 12.26 12.41 10.05 
CID 
10.19 12.10 11.96 12.22 12.22 12.26 12.71 12.16 12.13 12.08 12.20 12.16 12.31 9.93 
10.38 11.99 11.85 12.19 12.15 12.15 12.62 12.07 12.03 11.96 12.13 12.01 12.06 9.83 
10.58 11.87 11.75 12.13 12.08 12.06 12.53 11.96 11.92 11.84 12.06 11.85 11.82 9.72 
10.77 11.75 11.64 12.03 12.01 11.99 12.44 11.85 11.82 11.70 11.94 11.62 11.57 9.74 
10.96 11.66 11.56 11.94 11.91 11.92 12.39 11.73 11.71 11.57 11.84 11.41 11.35 9.76 
11.15 11.59 11.42 11.84 11.80 11.82 12.32 11.59 11.63 11.49 11.70 11.18 11.17 9.77 
11.35 11.54 11.28 11.75 11.71 11.71 12.25 11.44 11.54 11.40 11.80 11.05 10.98 9.79 
11.54 11.36 11.12 11.64 11.61 11.61 12.14 11.32 11.43 11.28 11.91 10.94 10.79 9.83 
11.73 11.19 10.96 11.52 11.52 11.54 12.03 11.18 11.31 11.17 11.99 10.84 10.59 9.86 
11.92 11.00 10.86 11.40 11.40 11.45 11.93 11.03 11.21 11.07 11.84 10.72 10.42 9.87 
12.12 10.82 10.77 11.26 11.26 11.38 11.84 10.93 11.10 10.94 11.64 10.59 10.24 - 
12.31 10.73 10.70 10.98 11.12 11.31 11.73 10.78 11.00 10.84 11.45 10.45 10.10 - 
12.50 10.66 10.61 10.87 10.96 11.22 11.62 10.71 10.91 10.73 11.28 10.33 10.09 - 
12.69 10.60 10.52 10.75 10.88 11.17 11.52 10.63 10.87 10.67 11.12 - 10.07 - 
12.88 10.52 10.46 10.67 10.79 11.13 11.43 10.56 10.81 10.62 11.01 - 10.05 - 
13.08 10.38 10.38 10.58 10.72 11.08 11.32 10.50 10.75 10.58 10.91 - 10.00 - 
13.27 - 10.36 10.48 10.63 11.07 11.21 10.46 10.66 10.52 10.84 - - - 
13.46 - 10.33 - 10.51 11.06 10.93 - 10.58 10.45 10.54 - - - 
13.65 - 10.32 - - - 10.70 - - - 10.23 - - - 
13.85 - - - - - 10.65 - - - 9.99 - - - 
Continues on following page... 




Clot thickness (mm) 
14.04 	----- 10.59 	- - 	 - 	 10.04 	- 	 - 	 - 
14.23 ----- 10.51 	- - 	 - 	 10.16 	- 	 - 	 - 
14.42 	----- 10.42 	- - 	 - 	 10.33 	- 	 - 	 - 
14.62 ----- 10.29 	- - 	 - 	 10.52 	- 	 - 	 - 
14.81 	- 	 - - 	 - 	 - 	 - 	 - - 	 - 	 10.72 	- 	 - 	 - 
15.00 - 	 - - 	 - 	 - 	 - 	 - - 	 - 	 10.87 	- 	 - 	 - 
15.19 	- 	 - - 	 - 	 - 	 - 	 - - 	 - 	 11.01 	- 	 - 	 - 
15.38 - 	 - - 	 - 	 - 	 - 	 - - 	 - 	 11.12 	- 	 - 	 - 
15.58 	- 	 - - 	 - 	 - 	 - 	 - - 	 - 	 11.21 	- 	 - 	 - 
15.77 - 	 - - 	 - 	 - 	 - 	 - - 	 - 	 11.35 	- 	 - 	 - 
15.96 	- 	 - - 	 - 	 - 	 - 	 - - 	 - 	 11.47 	- 	 - 	 - 
16.15 - 	 - - 	 - 	 - 	 - 	 - - 	 - 	 11.56 	- 	 - 	 - 
16.35 	- 	 - - 	 - 	 - 	 - 	 - - 	 - 	 11.61 	- 	 - 	 - 












tIzIllu 11.01 10.52 9.51 8.51 7.51 7.01 6.52 5.51 4.51 4.02 3.52 3.02 2.51 	2.0125 nins) 
along Clot thickness (mm) 
wall 
0.19 4.49 4.71 4.77 4.81 4.87 4.71 4.68 5.00 4.93 4.87 4.58 - 0.42 	- 
0.38 4.59 4.76 4.79 4.81 4.97 4.75 4.67 4.92 4.93 4.86 4.56 - 0.41 - 
0.58 4.69 4.83 4.83 4.81 5.07 4.76 4.66 4.86 4.93 4.86 4.54 - 0.41 	- 
0.77 4.79 4.92 4.86 4.81 5.15 4.79 4.66 4.81 4.99 4.85 4.53 - 0.41 - 
0.96 4.90 5.02 4.88 4.85 5.19 4.79 4.65 4.77 5.06 4.85 4.52 - 0.42 	- 
1.15 5.00 5.12 4.90 4.93 5.23 4.81 4.65 4.76 5.12 4.81 4.51 - 0.44 - 
1.35 5.16 5.26 4.97 5.02 5.31 4.81 4.67 4.70 5.17 4.74 4.53 - 0.45 	- 
1.54 5.28 5.40 5.04 5.12 5.42 4.81 4.69 4.63 5.24 4.67 4.55 - 0.47 - 
1.73 5.42 5.56 5.10 5.21 5.52 4.81 4.70 4.62 5.31 4.62 4.56 - 0.49 	- 
1.92 5.54 5.72 5.15 5.26 5.65 4.81 4.70 4.60 5.38 4.56 4.58 3.62 0.49 - 
2.12 5.65 5.85 5.19 5.28 5.77 4.83 4.72 4.62 5.45 4.53 4.58 3.49 0.49 	- 
2.31 5.72 5.90 5.24 5.26 5.79 4.81 4.72 4.67 5.53 4.48 4.51 3.37 0.51 - 
2.50 5.73 5.92 5.31 5.24 5.79 4.76 4.70 4.70 5.58 4.42 4.46 3.27 0.54 	- 
2.69 5.73 5.92 5.37 5.23 5.77 4.72 4.69 4.72 5.63 4.39 4.41 3.21 0.58 - 
2.88 5.72 5.88 5.44 5.28 5.75 4.65 4.69 4.74 5.65 4.35 4.35 3.18 0.65 	- 
3.08 5.65 5.85 5.51 5.31 5.75 4.60 4.69 4.76 5.65 4.32 4.30 3.16 0.72 - 
3.27 5.58 5.79 5.56 5.31 5.73 4.53 4.69 4.76 5.65 4.34 4.28 3.06 0.77 	- 
3.46 5.49 5.72 5.56 5.31 5.65 4.49 4.65 4.76 5.65 4.37 4.23 2.97 0.82 - 
3.65 5.40 5.65 5.56 5.28 5.52 4.46 4.62 4.77 5.63 4.41 4.16 2.90 0.87 	- 
3.85 5.31 5.56 5.56 5.26 5.40 4.44 4.58 4.74 5.61 4.42 4.07 2.83 0.93 - 
4.04 5.28 5.47 5.54 5.26 5.28 4.41 4.56 4.70 5.60 4.42 3.99 2.81 0.98 	- 
4.23 5.26 5.31 5.53 5.21 5.16 4.35 4.56 4.67 5.58 4.41 3.90 2.85 1.01 - 
4.42 5.24 5.19 5.51 5.19 5.05 4.32 4.58 4.63 5.56 4.41 3.88 2.88 1.05 	- 
4.62 5.21 5.10 5.49 5.19 4.97 4.30 4.60 4.63 5.58 4.41 3.86 2.90 1.07 - 
4.81 5.19 5.01 5.47 5.19 4.90 4.32 4.60 4.67 5.60 4.39 3.85 2.92 1.08 	- 
5.00 5.14 4.96 5.44 5.16 4.83 4.35 4.58 4.74 5.60 4.39 3.83 2.92 1.10 - 
5.19 5.10 4.90 5.42 5.12 4.76 4.39 4.56 4.81 5.61 4.39 3.85 2.92 1.14 	- 
5.38 5.07 4.88 5.42 5.10 4.70 4.42 4.55 4.88 5.65 4.39 3.83 2.94 1.19 - 
5.58 5.03 4.90 5.42 5.10 4.70 4.44 4.53 4.93 5.69 4.39 3.81 2.94 1.24 	- 
5.77 5.02 4.92 5.42 5.10 4.72 4.44 4.51 4.97 5.74 4.39 3.81 2.90 1.28 - 
5.96 5.02 4.96 5.44 5.10 4.74 4.44 4.48 5.00 5.78 4.41 3.85 2.87 1.29 	- 
6.15 5.00 4.99 5.47 5.10 4.72 4.44 4.44 5.03 5.81 4.44 3.92 2.83 1.28 - 
6.35 5.02 5.12 5.51 5.19 4.70 4.44 4.41 5.07 5.85 4.49 3.97 2.78 1.26 	- 
6.54 5.05 5.22 5.51 5.26 4.69 4.44 4.37 5.10 5.88 4.56 4.00 2.74 1.24 - 
6.73 5.10 5.33 5.49 5.28 4.67 4.44 4.35 5.10 5.90 4.63 4.04 2.74 1.22 	- 
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6.92 5.05 5.37 5.49 5.30 4.63 4.42 4.35 5.05 5.90 4.69 4.07 2.73 1.21 	- 	 Z 
7.12 5.03 5.35 5.49 5.28 4.62 4.41 4.34 4.97 5.90 4.70 4.11 2.74 1.15 	- 
7.31 5.02 5.31 5.49 5.24 4.60 4.39 4.32 4.88 5.88 4.72 4.11 2.78 1.07 	- 	 k 
7.50 5.00 5.24 5.47 5.17 4.60 4.37 4.30 4.79 5.85 4.76 4.11 2.83 0.98 	- 
7.69 5.00 5.15 5.47 5.09 4.60 4.37 4.30 4.74 5.81 4.77 4.11 2.88 0.91 	- 
7.88 5.02 5.04 5.49 5.02 4.60 4.39 4.30 4.70 5.76 4.77 4.11 2.97 0.87 	- 
8.08 5.02 4.96 5.51 4.95 4.62 4.41 4.32 4.67 5.72 4.76 4.09 3.02 0.87 	- 
8.27 5.00 4.88 5.51 4.90 4.67 4.44 4.34 4.63 5.65 4.72 4.04 3.04 0.94 	- 
8.46 4.97 4.81 5.51 4.84 4.72 4.48 4.34 4.58 5.56 4.67 4.00 3.04 1.01 	- 
8.65 4.93 4.76 5.53 4.81 4.77 4.55 4.34 4.53 5.47 4.62 4.00 3.02 1.08 	
- 	 o 
8.85 4.90 4.71 5.53 4.79 4.83 4.62 4.32 4.48 5.38 4.58 4.00 2.97 1.19 	- 
9.04 4.93 4.76 5.51 4.81 4.88 4.67 4.30 4.46 5.33 4.56 4.00 3.04 1.29 	- 
9.23 4.97 4.83 5.49 4.83 4.91 4.67 4.30 4.46 5.28 4.56 4.00 3.08 1.40 	- 	 ti 
9.42 5.00 4.90 5.45 4.83 4.95 4.65 4.30 4.46 5.24 4.56 3.99 3.11 1.50 	- Cn 
9.62 5.05 4.97 5.44 4.83 4.97 4.63 4.30 4.48 5.22 4.49 3.97 3.13 1.61 - 
9.81 5.12 5.03 5.42 4.83 4.98 4.60 4.28 4.48 5.20 4.44 3.95 3.15 1.70 	- 
10.00 5.17 5.10 5.37 4.83 4.97 4.56 4.27 4.48 5.20 4.41 3.93 3.15 1.75 	
- 
10.19 5.23 5.15 5.31 4.83 4.91 4.53 4.25 4.48 5.20 4.42 3.92 3.20 1.78 	- 
10.38 5.26 5.19 5.28 4.83 4.84 4.51 4.23 4.48 5.22 4.46 3.92 3.29 1.78 	- 
10.58 5.17 5.20 5.24 4.83 4.77 4.51 4.25 4.49 5.24 4.49 3.92 3.41 1.78 	- 
10.77 5.09 5.19 5.22 4.84 4.70 4.48 4.28 4.48 5.24 4.49 3.90 3.55 1.78 	- 
10.96 5.00 5.17 5.24 4.88 4.63 4.42 4.32 4.46 5.24 4.48 3.88 3.71 1.73 	- 
11.15 4.91 5.10 5.28 4.86 4.56 4.37 4.30 4.44 5.22 4.44 3.86 3.74 1.68 	- 
11.35 4.93 5.03 5.31 4.84 4.49 4.37 4.28 4.42 5.20 4.39 3.85 3.76 1.63 	- 
11.54 4.97 4.97 5.35 4.83 4.42 4.37 4.25 4.39 5.17 4.34 3.86 3.76 1.57 	- 
11.73 4.98 4.94 5.38 4.79 4.37 4.35 4.20 4.35 5.10 4.32 3.86 3.76 1.50 	- 
11.92 4.95 4.88 5.40 4.76 4.32 4.34 4.14 4.32 5.01 4.28 3.86 3.76 1.43 	- 
12.12 4.90 4.83 5.40 4.72 4.32 4.32 4.11 4.28 4.90 4.25 3.86 3.76 1.36 	- 
12.31 4.84 4.81 5.37 4.69 4.35 4.32 4.07 4.27 4.80 4.20 3.85 3.75 1.33 	- 
12.50 4.81 4.80 5.33 4.62 4.41 4.30 4.04 4.25 4.71 4.16 3.83 3.74 1.30 	- 
12.69 4.84 4.80 5.29 4.55 4.46 4.27 3.99 4.23 4.63 4.14 3.79 3.73 1.27 	- 
12.88 4.88 4.83 5.24 4.49 4.53 4.23 3.93 4.23 4.58 4.14 3.76 3.71 1.24 	- 
13.08 4.90 4.76 5.17 4.44 4.58 4.21 3.88 4.23 4.55 4.13 3.72 3.69 1.22 	- 
13.27 4.97 4.71 5.10 4.42 4.63 4.20 3.86 4.21 4.51 4.11 3.69 - - 	 - 
13.46 4.93 4.65 5.04 4.41 4.69 4.18 3.85 4.18 4.47 4.11 3.65 - - 	 - 
13.65 4.86 4.60 4.99 4.41 4.74 4.18 3.85 4.16 4.44 4.11 3.64 - - 	 - 
13.85 4.79 4.55 4.92 4.41 4.77 4.20 3.86 4.13 4.42 4.13 3.64 - - 	 - 
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14.04 4.72 4.53 4.83 4.41 4.79 4.21 3.88 4.09 4.42 4.16 3.67 - - - 
14.23 4.65 4.53 4.78 4.39 4.79 4.23 3.90 4.09 4.42 4.18 3.71 - - - 
14.42 4.58 4.49 4.76 4.37 4.74 4.23 3.92 4.07 4.42 4.18 3.76  
14.62 4.51 4.46 4.74 4.39 4.69 4.21 3.93 4.06 4.42 4.18 3.81 - - - 
14.81 4.48 4.42 4.72 4.39 4.63 4.18 3.95 4.02 4.42 4.16 3.88 - - - 
15.00 4.44 4.39 4.71 4.34 4.56 4.13 3.95 4.00 4.42 4.14 3.93 - - - 
15.19 4.42 4.42 4.69 4.28 4.51 4.09 3.95 3.99 4.40 4.14 3.97 - - - 
15.38 4.37 4.42 4.65 4.18 4.46 4.02 3.95 3.99 4.39 4.14 3.97 - - - 
15.58 4.30 4.40 4.60 4.06 4.41 3.93 3.95 3.99 4.37 4.14 3.95 - - - 
15.77 4.25 4.37 4.53 3.93 4.34 3.92 3.97 3.97 4.33 4.14 3.88  
15.96 4.20 4.35 4.46 3.88 4.25 3.90 4.00 3.97 4.30 4.13 3.90 - - - 
16.15 4.16 4.31 4.39 3.81 4.16 3.86 4.00 3.95 4.24 4.09 3.88 - - - 
16.35 4.11 4.26 4.31 3.76 4.07 3.81 3.97 3.90 4.19 4.06 3.85 - - - 
16.54 4.06 4.19 4.22 3.69 4.02 3.74 3.93 3.83 4.14 4.00 3.79 - - - Cn ci 
16.73 4.00 4.12 4.14 3.62 3.97 3.69 3.90 3.76 4.06 3.93 3.72 - - - 
16.92 3.98 4.06 4.10 3.58 3.94 3.67 3.88 3.73 4.04 3.90 3.67 - - - 
17.12 3.95 3.99 4.05 3.55 3.91 3.68 3.87 3.70 4.01 3.87 3.63 - - - 
Cn 
17.31 3.92 3.95 4.00 3.51 3.87 3.65 3.85 3.68 3.97 3.82 3.61 - - - 
17.50 3.87 3.95 3.92 3.52 3.82 3.68 3.85 3.65 3.92 3.79 3.63 - - - 
17.69 3.85 3.99 3.82 3.56 3.75 3.75 3.85 3.62 3.86 3.75 3.69 - - - 
43.46 2.76 3.20 2.84 2.69 2.60 2.79 2.44 2.69 3.04 2.85 2.85 2.50 1.89 0.87 
43.65 2.83 3.17 2.94 2.72 2.61 2.80 2.45 2.69 3.03 2.88 2.86 2.47 1.87 0.99 
43.85 2.86 3.16 2.99 2.86 2.62 2.81 2.48 2.69 2.99 2.88 2.86 2.48 1.85 1.06 
44.04 2.71 3.01 3.02 2.97 2.63 2.80 2.50 2.69 2.96 2.88 2.86 2.50 1.84 1.09 
44.23 2.60 2.88 3.04 3.02 2.63 2.79 2.52 2.67 2.94 2.88 2.87 2.52 1.85 1.12 
44.42 2.50 2.80 3.05 3.04 2.67 2.76 2.53 2.66 2.92 2.90 2.90 2.57 1.85 1.17 
44.62 2.43 2.67 3.08 3.09 2.76 2.76 2.55 2.64 2.94 2.94 2.95 2.60 1.87 1.26 
44.81 2.38 2.71 3.14 3.15 2.85 2.76 2.59 2.67 2.96 3.02 3.01 2.64 1.89 1.31 
45.00 2.47 2.80 3.17 3.20 2.95 2.76 2.66 2.73 2.96 3.13 3.06 2.69 1.92 1.35 
45.19 2.57 2.91 3.21 3.27 3.04 2.87 2.73 2.78 2.98 3.22 3.13 2.76 2.05 1.40 
45.38 2.66 2.99 3.23 3.36 3.09 2.99 2.80 2.81 2.99 3.27 3.20 2.85 2.17 1.47 
45.58 2.73 3.12 3.26 3.46 3.15 3.11 2.92 2.85 2.99 3.34 3.25 2.94 2.31 1.43 
45.77 2.80 3.23 3.28 3.57 3.20 3.23 3.02 2.88 3.03 3.39 3.29 3.04 2.45 1.40 
45.96 2.88 3.32 3.32 3.57 3.25 3.34 3.11 2.94 3.08 3.46 3.32 3.13 2.59 1.42 
46.15 3.13 3.51 3.36 3.51 3.30 3.43 3.20 3.01 3.14 3.48 3.36 3.16 2.73 1.45 
46.35 3.37 3.71 3.40 3.50 3.36 3.51 3.27 3.09 3.19 3.50 3.39 3.22 2.85 1.49 
46.54 3.60 3.85 3.44 3.50 3.37 3.60 3.34 3.16 3.24 3.50 3.39 3.23 2.97 1.36 
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46.73 3.81 4.01 3.49 3.50 3.36 3.67 3.37 3.23 3.26 3.50 3.39 3.25 3.08 1.28 
46.92 4.00 4.01 3.53 3.50 3.34 3.76 3.39 3.25 3.28 3.50 3.37 3.25 3.16 1.21 
47.12 4.02 3.96 3.58 3.50 3.30 3.83 3.37 3.25 3.30 3.48 3.36 3.25 3.23 1.15 k 
47.31 3.97 3.92 3.60 3.48 3.27 3.76 3.39 3.27 3.28 3.44 3.32 3.23 3.22 1.08 
47.50 3.90 3.90 3.57 3.44 3.25 3.65 3.41 3.30 3.26 3.41 3.29 3.20 3.18 1.01 
47.69 3.81 3.85 3.51 3.37 3.22 3.55 3.37 3.32 3.23 3.36 3.25 3.15 3.08 0.96 H 
47.88 3.71 3.76 3.44 3.27 3.18 3.46 3.32 3.32 3.16 3.30 3.23 3.09 2.97 0.93 
48.08 3.60 3.65 3.37 3.18 3.13 3.39 3.25 3.29 3.07 3.23 3.22 3.04 2.87 0.86 
48.27 3.48 3.55 3.33 3.15 3.08 3.34 3.16 3.23 2.99 3.22 3.18 3.02 2.76 0.79 tM 
48.46 3.34 3.44 3.30 3.09 3.02 3.29 3.09 3.18 2.94 3.20 3.15 2.99 2.66 0.73 o 
48.65 3.22 3.42 3.24 3.04 2.97 3.23 3.02 3.13 2.89 3.18 3.11 2.95 2.55 0.82 
48.85 3.08 3.39 3.19 2.97 2.92 3.15 2.99 3.08 2.85 3.16 3.08 2.90 2.43 0.89 
49.04 2.92 3.33 3.14 2.90 2.85 3.04 2.97 3.02 2.82 3.09 3.04 2.85 2.27 0.94 
49.23 2.81 3.24 3.08 2.83 2.78 2.97 2.95 2.97 2.76 3.02 3.01 2.80 2.10 0.98 
49.42 2.74 3.14 3.05 2.78 2.71 2.92 2.90 2.90 2.71 2.97 2.97 2.76 1.92 1.01 
49.62 2.71 3.05 3.07 2.73 2.66 2.88 2.85 2.85 2.64 2.95 2.94 2.73 1.77 1.05 H 
49.81 2.69 2.96 3.08 2.69 2.62 2.83 2.78 2.81 2.58 2.94 2.92 2.69 1.70 1.07 
CI 
50.00 2.67 2.92 3.10 2.67 2.59 2.76 2.73 2.80 2.58 2.94 2.90 2.66 1.64 1.05 
50.19 2.66 2.91 3.14 2.64 2.57 2.69 2.69 2.78 2.66 2.95 2.88 2.64 1.61 1.03 
50.38 2.64 2.91 3.16 2.59 2.55 2.66 2.67 2.74 2.71 2.95 2.88 2.62 1.59 1.01 
50.58 2.64 2.91 3.17 2.55 2.53 2.64 2.64 2.69 2.73 2.95 2.88 2.60 1.57 0.98 
50.77 2.66 2.83 3.16 2.52 2.52 2.64 2.60 2.66 2.71 2.95 2.88 2.59 1.57 0.91 
50.96 2.67 2.76 3.12 2.52 2.50 2.67 2.55 2.62 2.67 2.92 2.88 2.59 1.59 0.84 
51.15 2.71 2.71 3.08 2.52 2.53 2.71 2.50 2.60 2.66 2.88 2.88 2.60 1.64 0.79 
51.35 2.71 2.69 3.03 2.53 2.57 2.73 2.47 2.59 2.64 2.87 2.88 2.62 1.71 0.75 
51.54 2.71 2.67 2.96 2.53 2.59 2.74 2.45 2.55 2.64 2.87 2.88 2.64 1.78 0.72 
51.73 2.71 2.64 2.87 2.62 2.59 2.76 2.43 2.50 2.66 2.85 2.88 2.66 1.85 0.68 
51.92 2.71 2.62 2.78 2.71 2.57 2.80 2.41 2.45 2.67 2.85 2.87 2.66 1.91 0.63 
52.12 2.71 2.67 2.69 2.81 2.55 2.78 2.40 2.43 2.67 2.87 2.85 2.66 1.96 0.61 
52.31 2.71 2.73 2.60 2.94 2.53 2.76 2.40 2.43 2.62 2.88 2.83 2.66 1.99 0.58 
52.50 2.71 2.78 2.51 3.06 2.57 2.74 2.41 2.45 2.58 2.92 2.81 2.66 2.01 0.54 
52.69 2.81 2.82 2.44 3.18 2.64 2.71 2.43 2.48 2.57 2.94 2.80 2.66 2.01 0.51 
52.88 2.94 2.85 2.44 3.30 2.73 2.67 2.45 2.53 2.58 2.94 2.78 2.66 1.99 0.49 
53.08 3.08 2.87 2.46 3.41 2.81 2.64 2.47 2.53 2.62 2.99 2.78 2.66 1.96 0.49 
53.27 3.20 2.87 2.48 3.50 2.85 2.60 2.47 2.52 2.64 3.06 2.78 2.64 1.84 0.49 
53.46 3.32 2.85 2.48 3.57 2.81 2.57 2.45 2.52 2.67 3.11 2.76 2.62 1.73 0.49 
53.65 3.46 2.83 2.46 3.64 2.80 2.53 2.45 2.53 2.71 3.15 2.74 2.62 1.70 0.49 
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53.85 3.60 2.91 2.46 3.62 2.80 2.52 2.47 2.55 2.75 3.18 2.73 2.62 1.68 0.49 
54.04 3.74 2.99 2.46 3.60 2.80 2.52 2.52 2.57 2.78 3.20 2.73 2.64 1.66 0.51 
54.23 3.88 3.03 2.48 3.57 2.80 2.55 2.55 2.55 2.82 3.18 2.74 2.66 1.63 0.49 k 
54.42 4.02 3.08 2.50 3.53 2.80 2.59 2.55 2.53 2.83 3.15 2.76 2.66 1.59 0.49 
54.62 4.09 3.14 2.50 3.51 2.76 2.60 2.53 2.52 2.80 3.09 2.76 2.66 1.56 0.49 
54.81 4.06 3.21 2.50 3.46 2.69 2.60 2.53 2.50 2.76 3.06 2.74 2.66 1.54 0.49 
55.00 3.97 3.28 2.48 3.37 2.60 2.60 2.53 2.47 2.75 3.04 2.73 2.66 1.54 0.49 
55.19 3.88 3.37 2.46 3.27 2.50 2.59 2.53 2.48 2.73 3.01 2.69 2.64 1.56 0.47 
tx 
55.38 3.79 3.48 2.48 3.18 2.41 2.57 2.55 2.50 2.71 2.95 2.66 2.66 1.64 0.47 
55.58 3.71 3.64 2.53 3.09 2.40 2.55 2.57 2.50 2.67 2.90 2.64 2.67 1.71 0.47 
55.77 3.58 3.80 2.57 3.02 2.38 2.53 2.55 2.50 2.66 2.87 2.64 2.67 1.70 0.47 
55.96 3.41 3.81 2.60 2.95 2.36 2.50 2.52 2.50 2.62 2.81 2.64 2.67 1.68 0.47 
56.15 3.22 3.78 2.62 2.87 2.36 2.45 2.47 2.52 2.58 2.76 2.62 2.67 1.66 0.47 tzi 
56.35 3.04 3.67 2.62 2.78 2.36 2.41 2.43 2.53 2.58 2.73 2.59 2.69 1.66 0.54 
Cn 
Ci 
56.54 2.87 3.55 2.60 2.69 2.38 2.40 2.41 2.55 2.62 2.71 2.55 2.71 1.66 0.61 
56.73 2.74 3.42 2.60 2.60 2.38 2.40 2.40 2.57 2.69 2.69 2.53 2.73 1.68 0.70 H 
56.92 2.64 3.30 2.58 2.55 2.38 2.41 2.40 2.60 2.76 2.67 2.53 2.73 1.70 0.77 
57.12 2.59 3.19 2.58 2.55 2.38 2.43 2.41 2.64 2.82 2.66 2.53 2.73 1.70 0.84 
57.31 2.60 3.10 2.58 2.57 2.41 2.47 2.43 2.67 2.87 2.64 2.53 2.74 1.70 0.89 
57.50 2.64 3.01 2.57 2.59 2.45 2.50 2.45 2.71 2.92 2.62 2.55 2.74 1.73 0.91 
57.69 2.67 2.89 2.53 2.60 2.48 2.53 2.47 2.74 2.96 2.62 2.57 2.74 1.75 0.93 
57.88 2.73 2.73 2.55 2.59 2.52 2.57 2.50 2.78 2.96 2.60 2.53 2.74 1.75 0.96 
58.08 2.83 2.60 2.57 2.57 2.50 2.53 2.52 2.80 2.96 2.60 2.50 2.74 1.73 1.00 
58.27 2.95 2.51 2.58 2.57 2.45 2.48 2.47 2.80 2.89 2.59 2.40 2.75 1.71 1.06 
58.46 3.04 2.46 2.60 2.50 2.40 2.41 2.41 2.78 2.76 2.57 2.29 2.74 1.66 1.04 
58.65 3.11 2.39 2.57 2.41 2.31 2.33 2.34 2.66 2.62 2.47 2.20 2.72 1.61 1.03 
58.85 3.21 2.37 2.57 2.40 2.29 2.29 2.35 2.65 2.57 2.46 2.17 2.69 1.58 - 
59.04 3.31 2.35 2.57 2.39 2.26 2.24 2.33 2.63 2.51 2.46 2.14 2.69 1.54 - 
59.23 3.39 2.33 2.57 2.36 2.24 2.19 2.28 2.60 2.43 2.45 2.09 - 1.49 - 
59.42 3.38 2.27 2.58 2.31 2.17 2.12 2.23 2.55 2.32 2.45 2.03 - 1.43 - 
59.62 3.37 2.19 2.55 2.24 2.08 2.02 2.15 2.50 2.19 2.44 1.92 - 1.35 - 
267 APPENDIX D. TABLE OF RESULTS 
Edinburgh valve, 2 1/mm, flowrate, viewed from position 2 
10.99 10.52 9.51 8.52 7.51 6.52 5.51 5.01 4.51 4.01 (mins) 
IIHII 
along Clot thickness (mm) 
wall 
0.19 - 4.26 4.29 4.49 4.39 - - - - - 
0.38 - 4.23 4.23 4.45 4.31 - - - - - 
0.58 - 4.21 4.21 4.40 4.25 - - - - - 
0.77 - 4.19 4.21 4.36 4.23 - - - - - 
0.96 - 4.19 4.21 4.37 4.23 - - - - - 
1.15 - 4.21 4.21 4.37 4.21 - - - - - 
1.35 - 4.21 4.20 4.37 4.18 - - - - - 
1.54 4.29 4.21 4.18 4.39 4.14 - - - - - 
1.73 4.34 4.23 4.18 4.42 4.14 - - - - - 
1.92 4.40 4.25 4.18 4.46 4.14 - - - - - 
2.12 4.44 4.28 4.23 4.49 4.18 - - - - - 
2.31 4.48 4.35 4.34 4.53 4.23 - - - - - 
2.50 4.51 4.44 4.44 4.58 4.32 - - 2.02 2.35 - 
2.69 4.58 4.51 4.53 4.63 4.41 - - 2.17 2.38 - 
2.88 4.65 4.60 4.60 4.72 4.46 - - 2.31 2.40 - 
3.08 4.67 4.67 4.69 4.76 4.48 - - 2.41 2.42 - 
3.27 4.70 4.72 4.76 4.79 4.51 - - 2.50 2.43 - 
3.46 4.72 4.77 4.81 4.79 4.53 4.00 3.53 2.57 2.44 - 
3.65 4.74 4.91 4.88 4.77 4.55 3.99 3.49 2.69 2.46 - 
3.85 4.74 5.05 4.91 4.77 4.55 3.97 3.46 2.80 2.46 - 
4.04 4.72 5.17 4.95 4.77 4.55 3.94 3.46 2.92 2.46 - 
4.23 4.70 5.26 4.95 4.77 4.53 3.92 3.46 3.04 2.42 - 
4.42 4.70 5.30 4.93 4.76 4.51 3.90 3.46 3.16 2.39 - 
4.62 4.70 5.31 4.91 4.74 4.48 3.92 3.46 3.18 2.21 - 
4.81 4.70 5.35 4.90 4.76 4.44 3.92 3.48 3.16 2.03 - 
5.00 4.70 5.35 4.90 4.72 4.42 3.90 3.44 3.13 1.84 - 
5.19 4.72 5.35 4.90 4.70 4.41 3.90 3.41 3.08 1.64 - 
5.38 4.72 5.35 4.91 4.69 4.39 3.90 3.37 3.02 1.44 - 
5.58 4.74 5.33 4.93 4.69 4.37 3.89 3.39 2.97 1.27 - 
5.77 4.76 5.23 4.93 4.69 4.35 3.88 3.41 2.94 1.19 - 
5.96 4.77 5.14 4.95 4.69 4.34 3.87 3.43 2.90 1.16 - 
6.15 4.79 5.09 4.98 4.69 4.34 3.87 3.42 2.87 1.12 - 
6.35 4.83 5.05 5.02 4.70 4.35 3.87 3.41 2.83 1.11 - 
6.54 4.84 5.03 5.05 4.74 4.37 3.88 3.39 2.80 1.07 - 
6.73 4.86 5.02 5.09 4.77 4.39 3.87 3.37 2.81 1.19 1.79 
6.92 4.86 5.00 5.12 4.77 4.41 3.86 3.32 2.83 1.32 1.81 
7.12 4.86 4.98 5.12 4.79 4.42 3.85 3.30 2.85 1.44 1.83 
7.31 4.84 4.97 5.10 4.79 4.46 3.83 3.30 2.87 1.57 1.82 
7.50 4.81 4.95 5.05 4.79 4.49 3.81 3.32 2.87 1.69 1.79 
7.69 4.77 4.93 5.02 4.81 4.51 3.81 3.32 2.74 1.80 1.75 
7.88 4.74 4.90 4.98 4.83 4.51 3.82 3.32 2.62 1.78 1.73 
8.08 4.69 4.84 4.95 4.81 4.48 3.84 3.32 2.62 1.69 1.66 
8.27 4.63 4.77 4.90 4.79 4.42 3.86 3.33 2.62 1.76 1.59 
8.46 4.56 4.70 4.84 4.76 4.35 3.85 3.34 2.62 1.82 1.49 
8.65 4.51 4.67 4.79 4.70 4.28 3.85 3.36 2.62 1.89 1.49 
8.85 4.46 4.63 4.74 4.65 4.21 3.84 3.38 2.60 1.91 1.49 
9.04 4.44 4.58 4.67 4.60 4.14 3.83 3.41 2.57 1.91 1.47 
9.23 4.42 4.55 4.60 4.55 4.07 3.84 3.43 2.53 1.94 1.43 
9.42 4.42 4.49 4.53 4.51 4.02 3.84 3.41 2.53 1.98 1.40 
9.62 4.44 4.44 4.49 4.48 3.99 3.85 3.36 2.55 2.01 1.38 
9.81 4.46 4.41 4.48 4.44 3.97 3.83 3.32 2.69 2.07 1.45 
10.00 4.46 4.39 4.48 4.41 3.97 3.81 3.29 2.81 2.16 1.52 
10.19 4.46 4.39 4.48 4.39 3.99 3.81 3.25 2.81 2.30 1.63 
10.38 4.46 4.41 4.48 4.35 4.00 3.81 3.22 2.80 2.28 1.71 
10.58 4.46 4.42 4.49 4.32 4.02 3.83 3.22 2.78 2.26 1.82 
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mm 
along Clot thickness (mm) 
will 
10.77 4.44 4.42 4.51 4.30 4.04 3.85 3.22 2.76 2.25 1.68 
10.96 4.42 4.42 4.53 4.28 4.06 3.87 3.20 2.74 2.26 1.54 
11.15 4.39 4.44 4.55 4.28 4.06 3.89 3.20 2.74 2.30 1.42 
11.35 4.35 4.46 4.58 4.28 4.06 3.87 3.23 2.74 2.32 1.33 
11.54 4.32 4.48 4.60 4.30 4.04 3.85 3.20 2.73 2.34 1.26 
11.73 4.28 4.49 4.60 4.32 4.00 3.83 3.18 2.71 2.35 1.19 
11.92 4.25 4.51 4.58 4.32 3.97 3.81 3.19 2.69 2.35 1.05 
12.12 4.23 4.53 4.55 4.32 3.93 3.80 3.21 2.69 2.35 0.91 
12.31 4.23 4.53 4.51 4.30 3.92 3.76 3.22 2.66 2.34 0.86 
12.50 4.23 4.51 4.48 4.30 3.90 3.73 3.24 2.62 2.32 0.84 
12.69 4.21 4.49 4.42 4.30 3.88 3.69 3.21 2.59 2.30 0.82 
12.88 4.20 4.48 4.37 4.30 3.86 3.67 - 2.55 2.28 0.94 
13.08 4.16 4.44 4.32 4.30 3.85 3.65 - 2.52 2.26 1.07 
13.27 4.13 4.41 4.27 4.32 3.85 3.64 - 2.50 2.26 1.19 
13.46 4.09 4.37 4.20 4.35 3.85 3.64 - 2.48 2.26 1.29 
13.65 4.07 4.35 4.14 4.37 3.85 3.64 - 2.47 2.26 1.40 
13.85 4.07 4.34 4.13 4.37 3.85 3.62 - 2.47 2.26 1.50 
14.04 4.09 4.34 4.14 4.37 3.85 3.62 - 2.47 2.26 1.61 
14.23 4.09 4.34 4.16 4.37 3.85 3.62 - 2.47 2.26 1.70 
14.42 4.09 4.35 4.18 4.39 3.86 3.62 - 2.50 2.28 1.70 
14.62 4.09 4.37 4.20 4.39 3.88 3.62 - 2.53 2.30 1.68 
14.81 4.11 4.37 4.21 4.39 3.88 3.62 2.85 2.57 2.32 1.68 
15.00 4.13 4.37 4.21 4.35 3.88 3.60 2.86 2.62 2.34 1.68 
15.19 4.16 4.37 4.21 4.32 3.88 3.58 2.86 2.67 2.35 1.66 
15.38 4.18 4.37 4.23 4.27 3.90 3.55 2.86 2.71 2.35 1.64 
15.58 4.18 4.37 4.25 4.20 3.92 3.50 2.86 2.74 2.35 1.63 
15.77 4.14 4.39 4.25 4.13 3.95 3.45 2.86 2.78 2.32 1.61 
15.96 4.09 4.41 4.23 4.09 4.00 3.42 2.98 2.80 2.28 1.59 
16.15 4.02 4.37 4.18 4.06 4.06 3.37 - 2.81 2.25 1.57 
16.35 3.99 4.34 4.13 4.02 4.11 3.32 - 2.81 2.21 1.57 
16.54 3.95 4.28 4.07 3.99 4.13 3.28 - 2.81 2.17 1.57 
16.73 3.92 4.23 4.02 3.97 4.14 3.26 - 2.81 2.14 1.57 
16.92 3.86 4.20 3.95 3.93 4.14 3.24 - 2.73 2.09 1.56 
17.12 3.81 4.14 3.92 3.94 4.13 3.21 - 2.60 2.03 1.52 
17.31 3.77 4.06 3.89 3.95 4.09 3.18 - 2.41 1.94 1.49 
17.50 3.74 3.95 3.85 3.97 4.02 3.16 - 2.22 1.80 1.43 
17.69 3.73 3.92 3.82 3.98 4.02 3.15 - 2.03 1.66 1.36 
17.88 3.74 3.87 3.81 4.01 4.00 3.14 - 1.84 1.55 1.29 
18.08 3.75 3.80 - - 3.94 3.15 - 1.64 1.44 1.22 
18.27 - 3.76 - - 3.87 - - 1.45 1.34 1.17 
18.46 - 3.72 - - 3.78 - - 1.28 1.23 1.12 
18.65 - - - - - - - 1.10 1.12 1.05 
18.85 - - - - - - - 0.94 1.04 1.00 
19.04 - - - - - - - 0.85 0.96 0.94 
19.23 - - - - - - - 0.77 0.86 0.89 
19.42 - - - - - - - 0.77 0.78 0.85 
19.62 - - - - - - - 0.77 0.78 0.83 
41.15 - - - - 0.19 - - - - - 
41.35 - - - - 0.19 - - - - - 
41.54 - - - - 0.19 - - - - - 
41.73 - - - - 0.19 - - - - - 
41.92 - - - - 0.21 - - - - - 
42.12 - - - - 0.23 - - - - - 
42.31 - - - - 0.26 - - - - - 
42.50 - - - - 0.30 - - - - - 
42.69 - - - - 0.31 - - - - - 
42.88 - - - - 0.33 - - - - - 
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Clot thickness (mm) 
43.08 - - - - 0.35 	- 	 - 	 - 	 - 	 - 
43.27 - - - - 0.37 - 	 - 	 - 	 - 	 - 
43.46 - - - - 0.38 	- 	 - 	 - 	 - 	 - 
43.65 - - - - 0.40 - 	 - 	 - 	 - 	 - 
43.85 - - - - 0.52 	- 	 - 	 - 	 - 	 - 
44.04 - - - - 0.63 - 	 - 	 - 	 - 	 - 
44.23 - - - - 0.73 	- 	 - 	 - 	 - 	 - 
44.42 - - - - 0.82 - 	 - 	 - 	 - 	 - 
44.62 - - - - 0.91 	- 	 - 	 - 	 - 	 - 
44.81 - - - 1.67 1.01 - 	 - 	 - 	 - 	 - 
45.00 - - - 1.65 1.12 	- 	 - 	 - 	 - 	 - 
45.19 - - - 1.63 1.21 - 	 - 	 - 	 - 	 - 
45.38 - - - 1.62 1.31 	- 	 - 	 - 	 - 	 - 
45.58 - 1.76 - 1.62 1.43 - 	 - 	 - 	 - 	 - 
45.77 1.54 1.73 - 1.61 1.56 	- 	 - 	 - 	 - 	 - 
45.96 1.54 1.71 - 1.61 1.56 - 	 - 	 - 	 - 	 - 
46.15 1.54 1.69 - 1.59 1.56 	- 	 - 	 - 	 - 	 - 
46.35 1.54 1.69 - 1.57 1.57 - 	 - 	 - 	 - 	 - 
46.54 1.54 1.70 - 1.56 1.59 	- 	 - 	 - 	 - 	 - 
46.73 1.52 1.75 - 1.56 1.59 - 	 - 	 - 	 - 	 - 
46.92 1.52 1.75 - 1.61 1.57 	- 	 - 	 - 	 - 	 - 
47.12 1.52 1.70 1.83 1.64 1.56 - 	 - 	 - 	 - 	 - 
47.31 1.51 1.63 1.81 1.68 1.56 	- 	 - 	 - 	 - 	 - 
47.50 1.51 1.57 1.80 1.71 1.54 - 	 - 	 - 	 - 	 - 
47.69 1.51 1.54 1.79 1.75 1.52 	- 	 - 	 - 	 - 	 - 
47.88 - 1.56 1.79 1.73 1.49 - 	 - 	 - 	 - 	 - 
48.08 - 1.57 1.78 1.71 1.47 	- 	 - 	 - 	 - 	 - 
48.27 - 1.57 1.77 1.73 1.38 - 	 - 	 - 	 - 	 - 
48.46 - 1.56 1.77 1.75 1.26 	- 	 - 	 - 	 - 	 - 
48.65 - 1.54 1.75 1.78 1.14 - 	 - 	 - 	 - 	 - 
48.85 - 1.52 1.73 1.79 1.03 	- 	 - 	 - 	 - 	 - 
49.04 - 1.52 1.70 VMu t 	 - 	 - 	 - 	 - 	 - 
49.23 - 1.54 1.70 - 0.86 - 	 - 	 - 	 - 	 - 
49.42 - 1.57 - - 0.77 	- 	 - 	 - 	 - 	 - 
49.62 - 1.60 - - 0.68 - 	 - 	 - 	 - 	 - 
49.81 - - - - 0.59 	- 	 - 	 - 	 - 	 - 
50.00 - - - - 0.51 - 	 - 	 - 	 - 	 - 
50.19 - - - - 0.42 	- 	 - 	 - 	 - 	 - 
50.38 - - - - 0.40 - 	 - 	 - 	 - 	 - 
50.58 - - - - 0.40 	- 	 - 	 - 	 - 	 - 
50.77 - - - - 0.40 - 	 - 	 - 	 - 	 - 
50.96 - - - - 0.40 	- 	 - 	 - 	 - 	 - 
51.15 - - - - 0.38 - 	 - 	 - 	 - 	 - 
51.35 - - - 1.70 0.38 	- 	 - 	 - 	 - 	 - 
51.54 - - - 1.70 0.38 - 	 - 	 - 	 - 	 - 
51.73 - - - 1.70 0.38 	- 	 - 	 - 	 - 	 - 
51.92 - 1.67 - 1.70 0.37 - 	 - 	 - 	 - 	 - 
52.12 - 1.65 1.67 1.70 0.37 	- 	 - 	 - 	 - 	 - 
52.31 1.47 1.63 1.68 1.70 0.37 - 	 - 	 - 	 - 	 - 
52.50 1.47 1.62 1.71 - 0.37 	- 	 - 	 - 	 - 	 - 
52.69 1.47 1.62 1.73 - 0.37 - 	 - 	 - 	 - 	 - 
52.88 - 1.64 1.75 - 0.37 	- 	 - 	 - 	 - 	 - 
53.08 - 1.68 1.77 - 0.37 - 	 - 	 - 	 - 	 - 
53.27 - 1.70 1.82 - 0.38 	- 	 - 	 - 	 - 	 - 
53.46 - 1.71 1.84 - 0.38 - 	 - 	 - 	 - 	 - 
53.65 - 1.73 1.85 - 0.38 	- 	 - 	 - 	 - 	 - 
53.85 - 1.75 1.89 - 0.38 - 	 - 	 - 	 - 	 - 
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Clot thickness (mm) 
54.04 - 	 1.77 1.92 - 0.38 	- 	 - 	 - 	 - 	 - 
54.23 - 	 1.78 1.96 - 0.38 - 	 - 	 - 	 - 	 - 
54.42 - 	 1.79 2.01 - 0.38 	- 	 - 	 - 	 - 	 - 
54.62 - 	 1.80 2.05 - 0.38 - 	 - 	 - 	 - 	 - 
54.81 - 	 1.80 2.08 - 0.38 	- 	 - 	 - 	 - 	 - 
55.00 - 	 1.77 2.10 - 0.38 - 	 - 	 - 	 - 	 - 
55.19 - 	 1.73 2.11 1.79 0.38 	- 	 - 	 - 	 - 	 - 
55.38 - 	 1.71 2.11 1.81 0.38 - 	 - 	 - 	 - 	 - 
55.58 - 	 1.71 2.09 1.83 0.38 	- 	 - 	 - 	 - 	 - 
55.77 - 	 1.73 2.07 1.84 0.38 - 	 - 	 - 	 - 	 - 
55.96 - 	 1.75 2.04 1.87 0.38 	- 	 - 	 - 	 - 	 - 
56.15 - 	 1.75 1.98 1.89 0.40 - 	 - 	 - 	 - 	 - 
56.35 1.67 1.75 1.93 1.91 0.42 	- 	 - 	 - 	 - 	 - 
56.54 1.67 	1.76 1.87 1.91 0.44 - 	 - 	 - 	 - 	 - 
56.73 1.67 1.78 1.82 1.91 0.44 	- 	 - 	 - 	 - 	 - 
56.92 - 	 1.81 1.78 1.91 0.44 - 	 - 	 - 	 - 	 - 
57.12 - 	 1.86 1.78 1.89 0.44 	- 	 - 	 - 	 - 	 - 
57.31 - 	 - 1.79 1.89 0.45 - 	 - 	 - 	 - 	 - 
57.50 - 	 - 1.83 1.88 0.47 	- 	 - 	 - 	 - 	 - 
57.69 - 	 - 1.90 1.89 0.47 - 	 - 	 - 	 - 	 - 
57.88 - 	 - 1.97 1.89 0.47 	- 	 - 	 - 	 - 	 - 
58.08 - 	 - 1.99 1.89 0.47 - 	 - 	 - 	 - 	 - 
58.27 - 	 - 2.04 1.89 0.45 	- 	 - 	 - 	 - 	 - 
58.46 - 	 - 2.10 1.92 0.44 - 	 - 	 - 	 - 	 - 
58.65 - 	 - 2.17 1.98 0.44 	- 	 - 	 - 	 - 	 - 
58.85 - 	 - 2.24 2.00 0.44 - 	 - 	 - 	 - 	 - 
59.04 - 	 - - 2.03 0.45 	- 	 - 	 - 	 - 	 - 
59.23 - 	 - - 2.06 0.46 - 	 - 	 - 	 - 	 - 
59.42 - 	 - - 2.09 0.44 	- 	 - 	 - 	 - 	 - 
59.62 - 	 - - 2.12 0.42 - 	 - 	 - 	 - 	 - 
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Edinburgh valve, 2 1/mm, steady tlowrate, viewed trom position i 
11.01 	10.52 	9.51 	8.52 	7.52 	6.51 	5.52 	4.52 	4.02 	3.52 	3.02 
along Clot thickness (mm) 
wall 
0.19 3.91 4.28 4.08 4.01 4.04 3.94 3.62 - 2.98 - - 
0.38 3.93 4.29 4.12 4.04 4.04 3.90 3.68 - 2.94 - - 
0.58 3.94 4.26 4.14 4.06 4.04 3.87 3.73 - 2.88 - - 
0.77 3.95 4.27 4.16 4.08 4.04 3.87 3.78 - 2.82 - - 
0.96 3.96 4.27 4.16 4.10 4.04 3.87 3.83 3.11 2.77 - - 
1.15 3.99 4.30 4.15 4.09 4.04 3.86 3.86 3.13 2.71 - - 
1.35 4.02 4.33 4.17 4.11 4.06 3.86 3.93 3.14 2.66 - - 
1.54 4.06 4.37 4.21 4.13 4.06 3.86 3.99 3.17 2.60 - - 
1.73 4.09 4.40 4.26 4.14 4.06 3.85 4.02 3.21 2.57 - - 
1.92 4.14 4.44 4.30 4.14 4.06 3.85 4.04 3.26 2.52 - - 
2.12 4.18 4.46 4.31 4.14 4.06 3.83 4.04 3.33 2.45 - 1.89 
2.31 4.20 4.44 4.35 4.13 4.07 3.83 4.02 3.36 2.40 1.92 1.90 
2.50 4.20 4.42 4.37 4.11 4.07 3.85 4.00 3.40 2.36 1.90 1.90 
2.69 4.20 4.40 4.39 4.09 4.07 3.86 3.99 3.41 2.33 1.88 1.90 
2.88 4.20 4.37 4.40 4.09 4.07 3.86 3.95 3.45 2.29 1.86 1.90 
3.08 4.20 4.33 4.42 4.09 4.09 3.86 3.92 3.48 2.26 1.85 1.89 
3.27 4.18 4.28 4.44 4.11 4.11 3.88 3.88 3.50 2.24 1.85 1.85 
3.46 4.16 4.22 4.46 4.13 4.11 3.90 3.86 3.52 2.22 1.87 1.84 
3.65 4.14 4.22 4.46 4.14 4.13 3.90 3.86 3.52 2.20 1.89 1.84 
3.85 4.11 4.22 4.44 4.14 4.14 3.90 3.86 3.50 2.19 1.91 1.85 
4.04 4.07 4.22 4.42 4.16 4.14 3.88 3.86 3.46 2.19 1.92 1.86 
4.23 4.06 4.21 4.40 4.16 4.14 3.90 3.83 3.43 2.20 1.94 1.88 
4.42 4.04 4.22 4.35 4.16 4.13 3.92 3.83 3.41 2.22 1.96 1.87 
4.62 4.04 4.24 4.31 4.16 4.13 3.93 3.83 3.41 2.26 1.99 1.86 
4.81 4.06 4.28 4.28 4.16 4.14 3.95 3.83 3.43 2.31 2.03 - 
5.00 4.07 4.31 4.24 4.14 4.16 3.97 3.83 3.43 2.36 2.06 - 
5.19 4.09 4.35 4.24 4.13 4.16 3.97 3.83 3.43 2.40 2.10 - 
5.38 4.11 4.39 4.24 4.11 4.16 3.95 3.83 3.43 2.43 2.10 - 
5.58 4.13 4.40 4.24 4.09 4.16 3.95 3.85 3.43 2.47 2.08 - 
5.77 4.14 4.37 4.24 4.07 4.16 3.97 3.86 3.43 2.48 2.10 - 
5.96 4.16 4.33 4.24 4.07 4.16 3.99 3.88 3.43 2.48 2.12 - 
6.15 4.18 4.31 4.24 4.07 4.18 4.00 3.90 3.43 2.48 2.13 - 
6.35 4.20 4.33 4.26 4.09 4.20 4.02 3.93 3.43 2.48 2.15 - 
6.54 4.21 4.35 4.30 4.11 4.21 4.04 3.95 3.43 2.48 2.17 - 
6.73 4.25 4.37 4.33 4.13 4.23 4.04 3.97 3.41 2.48 2.19 - 
6.92 4.27 4.39 4.37 4.13 4.23 4.02 3.97 3.40 2.48 2.19 - 
7.12 4.27 4.40 4.40 4.13 4.23 4.00 3.97 3.40 2.47 2.19 - 
7.31 4.25 4.44 4.42 4.13 4.21 4.00 3.97 3.40 2.47 2.19 - 
7.50 4.23 4.47 4.42 4.13 4.20 4.02 3.99 3.38 2.48 2.20 - 
7.69 4.21 4.51 4.42 4.13 4.20 4.04 3.99 3.36 2.48 2.22 - 
7.88 4.20 4.55 4.42 4.13 4.21 4.06 4.00 3.36 2.55 2.22 - 
8.08 4.18 4.58 4.42 4.13 4.27 4.07 4.02 3.36 2.62 2.22 - 
8.27 4.16 4.63 4.42 4.13 4.34 4.09 4.06 3.36 2.69 2.21 - 
8.46 4.14 4.67 4.39 4.11 4.41 4.09 4.09 3.38 2.74 2.20 - 
8.65 4.13 4.71 4.35 4.09 4.48 4.07 4.13 3.40 2.76 2.19 - 
8.85 4.09 4.72 4.31 4.07 4.55 4.07 4.16 3.41 2.78 2.17 - 
9.04 4.06 4.72 4.26 4.07 4.62 4.07 4.21 3.45 2.80 2.18 - 
9.23 4.06 4.71 4.21 4.06 4.67 4.07 4.25 3.48 2.85 - - 
9.42 4.07 4.65 4.14 4.04 4.72 4.07 4.28 3.52 2.90 - - 
9.62 4.07 4.60 4.10 4.02 4.76 4.06 4.30 3.57 2.94 - - 
9.81 4.07 4.55 4.08 4.00 4.74 4.02 4.32 3.60 3.01 - - 
10.00 4.07 4.49 4.06 3.97 4.67 3.99 4.32 3.60 2.99 - - 
10.19 4.07 4.44 4.05 3.92 4.56 3.97 4.32 3.60 2.97 - - 
10.38 4.06 4.37 4.01 3.85 4.44 3.97 4.28 3.60 2.94 - - 
10.58 4.04 4.30 3.98 3.79 4.35 3.94 4.27 3.60 2.90 - - 
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MM 
along Clot thickness (mm) 
wall 
10.77 4.02 4.24 3.92 3.76 4.28 3.93 4.25 3.61 2.91 	- 	 - 
10.96 4.00 4.21 3.87 3.72 4.21 3.92 4.23 3.61 2.91 - 	 - 
11.15 3.95 4.14 3.83 3.69 4.14 3.93 4.20 3.58 2.91 	- 	 - 
11.35 3.88 4.06 3.82 3.67 4.07 3.94 4.20 3.55 2.92 - 	 - 
11.54 3.79 4.01 3.83 3.65 4.00 - - - - 	 - 	 - 
11.73 3.72 4.00 3.82 3.63 3.95 - - - - 	 - 	 - 
11.92 3.69 3.99 3.78 3.60 3.93 - - - - 	 - 	 - 
12.12 3.65 3.97 3.73 3.59 3.95 - - - - 	 - 	 - 
12.31 3.61 3.95 - - 3.95 - - - - 	 - 	 - 
12.50 3.57 3.92 - - 3.95 - - - - 	 - 	 - 
12.69 3.53 - - - 3.92 - - - - 	 - 	 - 
12.88 - - - - 3.86 - - - - 	 - 	 - 
13.08 - - - - 3.83 - - - - 	 - 	 - 
13.27 - - - - 3.79 - - - - 	 - 	 - 
13.46 - - - - 3.78 - - - - 	 - 	 - 
13.65 - - - - 3.76 - - - - 	 - 	 - 
13.85 - - - - 3.74 - - - - 	 - 	 - 
14.04 - - - - 3.73 - - - - 	 - 	 - 
14.23 - - - - 3.72 - - - - 	 - 	 - 
14.42 - - - - 3.73 - - - - 	 - 	 - 
14.62 - - - - 3.74 - - - - 	 - 	 - 
14.81 - - - - 3.75 - - - - 	 - 	 - 
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Edinburgh valve, 2 1/mm, steady flowrate, viewed from position 4 
tiMe 11.01 10.52 9.51 8.52 7.52 7.02 6.51 6.02 5.52 5.02 4.51 4.01 (rnins) 
t[lIfl 
along Clot thickness (mm) 
wall 
0.19 4.13 4.36 4.17 4.13 4.26 4.10 4.29 4.31 4.04 - - - 
0.38 4.15 4.31 4.15 4.15 4.31 4.12 4.34 4.31 4.01 - - - 
0.58 4.18 4.30 4.13 4.16 4.35 4.16 4.35 4.34 4.01 - - - 
0.77 4.21 4.29 4.15 4.17 4.38 4.19 4.36 4.36 4.08 - - - 
0.96 4.23 4.31 4.15 4.17 4.38 4.21 4.40 4.37 4.13 3.85 - - 
1.15 4.25 4.34 4.16 4.18 4.41 4.25 4.44 4.40 4.16 3.87 - - 
1.35 4.27 4.35 4.27 4.18 4.44 4.32 4.51 4.44 4.20 3.89 - - 
1.54 4.28 4.34 4.37 4.18 4.48 4.39 4.58 4.47 4.23 3.91 - - 
1.73 4.28 4.32 4.48 4.18 4.53 4.44 4.65 4.51 4.27 3.92 - - 
1.92 4.30 4.30 4.56 4.16 4.58 4.49 4.70 4.55 4.28 3.93 - - 
2.12 4.34 4.30 4.58 4.14 4.63 4.53 4.74 4.58 4.32 4.00 - - 
2.31 4.39 4.30 4.58 4.11 4.65 4.56 4.76 4.62 4.37 4.04 - - 
2.50 4.42 4.34 4.62 4.07 4.67 4.60 4.77 4.65 4.44 4.06 3.30 - 
2.69 4.44 4.42 4.69 4.06 4.67 4.62 4.81 4.69 4.49 4.06 3.30 - 
2.88 4.46 4.49 4.74 4.06 4.65 4.63 4.84 4.74 4.49 4.04 3.32 - 
3.08 4.49 4.53 4.81 4.06 4.65 4.63 4.86 4.78 4.49 4.02 3.33 - 
3.27 4.51 4.55 4.88 4.06 4.62 4.63 4.88 4.80 4.49 4.02 3.37 - 
3.46 4.53 4.56 4.88 4.06 4.58 4.63 4.90 4.80 4.49 4.02 3.41 2.63 
3.65 4.55 4.62 4.86 4.07 4.56 4.65 4.95 4.80 4.48 4.02 3.46 2.66 
3.85 4.56 4.65 4.81 4.14 4.53 4.69 4.97 4.80 4.46 4.02 3.50 2.69 
4.04 4.58 4.69 4.77 4.23 4.51. 4.70 4.95 4.80 4.46 4.00 3.53 2.71 
4.23 4.55 4.72 4.79 4.30 4.49 4.72 4.95 4.81 4.44 3.97 3.55 2.73 
4.42 4.49 4.76 4.83 4.37 4.49 4.76 4.95 4.83 4.41 3.95 3.57 2.74 
4.62 4.44 4.76 4.83 4.42 4.48 4.77 4.95 4.83 4.37 3.95 3.55 2.85 
4.81 4.39 4.69 4.79 4.46 4.48 4.77 4.93 4.80 4.35 3.97 3.55 2.78 
5.00 4.34 4.63 4.76 4.48 4.49 4.76 4.91 4.74 4.34 4.00 3.55 2.71 
5.19 4.28 4.60 4.70 4.51 4.49 4.77 4.88 4.71 4.30 4.04 3.57 2.64 
5.38 4.25 4.56 4.65 4.54 4.51 4.77 4.84 4.67 4.27 4.06 3.57 2.62 
5.58 4.22 4.56 4.65 4.59 4.55 4.79 4.86 4.67 4.23 4.06 3.53 2.62 
5.77 4.19 4.56 4.67 4.62 4.56 4.81 4.86 4.69 4.25 4.06 3.51 2.62 
5.96 4.18 4.58 4.72 - 4.60 4.83 4.88 4.71 4.27 4.07 3.51 2.62 
6.15 4.18 4.60 4.76 - 4.62 4.86 4.93 4.71 4.28 4.11 3.51 2.64 
6.35 4.21 4.62 4.81 - 4.63 4.90 4.98 4.69 4.30 4.14 3.53 2.66 
6.54 4.24 4.63 4.84 - 4.63 4.90 5.03 4.67 4.32 4.16 3.55 2.64 
6.73 4.27 4.65 4.86 - 4.63 4.91 5.09 4.67 4.34 4.16 3.58 2.62 
6.92 4.33 4.65 4.88 - 4.63 4.95 5.16 4.69 4.34 4.16 3.62 2.66 
7.12 4.36 4.67 4.90 - 4.65 4.98 5.21 4.71 4.34 4.13 3.64 2.69 
7.31 4.38 4.70 4.90 - 4.69 4.97 5.24 4.72 4.34 4.09 3.64 2.74 
7.50 4.39 4.79 4.93 - 4.70 4.95 5.28 4.74 4.35 4.06 3.64 2.74 
7.69 4.41 4.84 4.88 - 4.70 4.90 5.26 4.76 4.39 4.04 3.67 2.71 
7.88 4.42 4.90 4.84 - 4.72 4.83 5.19 4.76 4.39 4.02 3.69 2.69 
8.08 4.44 4.95 4.83 - 4.72 4.77 5.12 4.74 4.39 3.99 3.71 2.67 
8.27 4.47 5.00 4.84 - 4.74 4.74 5.05 4.74 4.39 3.95 3.67 2.66 
8.46 4.49 5.05 4.88 - 4.76 4.70 4.98 4.74 4.37 3.92 3.64 2.67 
8.65 4.49 5.03 4.91 - 4.79 4.70 4.93 4.74 4.35 3.90 3.60 2.73 
8.85 4.49 5.03 4.95 - 4.83 4.70 4.90 4.74 4.34 3.90 3.57 2.76 
9.04 4.48 5.05 4.93 - 4.86 4.72 4.88 4.74 4.34 3.92 3.55 2.81 
9.23 4.48 5.03 4.90 - 4.84 4.76 4.88 4.74 4.34 3.93 3.53 2.88 
9.42 4.48 5.00 4.90 - 4.84 4.79 4.90 4.74 4.37 3.95 3.51 2.97 
9.62 4.48 4.91 4.88 4.74 4.86 4.83 4.91 4.74 4.42 3.95 3.50 3.06 
9.81 4.48 4.84 4.86 4.86 4.88 4.86 4.93 4.72 4.44 3.95 3.46 3.13 
10.00 4.48 4.77 4.83 4.90 4.86 4.88 4.97 4.71 4.44 3.93 3.43 3.18 
10.19 4.46 4.70 4.77 4.91 4.84 4.88 5.00 4.71 4.44 3.93 3.39 3.23 
10.38 4.46 4.62 4.70 4.90 4.79 4.86 5.02 4.71 4.44 3.95 3.38 3.27 
10.58 4.48 4.53 4.63 4.90 4.74 4.84 5.03 4.71 4.46 4.00 3.33 3.27 
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Clot thickness (mm) 
10.77 4.49 4.51 4.58 4.93 4.67 4.81 5.03 4.69 4.48 4.04 3.26 3.27 
10.96 4.49 4.49 4.53 4.91 4.62 4.77 5.02 4.65 4.48 4.04 3.16 3.29 
11.15 4.49 4.48 4.53 4.88 4.56 4.72 4.98 4.62 4.46 4.02 3.14 3.30 
11.35 4.51 4.49 4.56 4.84 4.55 4.69 4.93 4.63 4.44 4.02 3.14 3.30 
11.54 4.55 4.51 4.58 4.81 4.51 4.69 4.86 4.65 4.41 4.00 3.14 3.29 
11.73 4.60 4.53 4.58 4.70 4.48 4.69 4.79 4.67 4.34 4.00 3.14 3.27 
11.92 4.65 4.51 4.58 4.60 4.44 4.69 4.70 4.67 4.28 4.00 3.16 3.25 
12.12 4.72 4.49 4.58 4.53 4.42 4.70 4.63 4.67 4.25 4.02 3.19 3.23 
12.31 4.77 4.46 4.58 4.48 4.41 4.70 4.56 4.65 4.25 4.02 3.23 3.18 
12.50 4.81 4.44 4.58 4.44 4.42 4.70 4.53 4.63 4.27 4.02 3.29 3.17 
12.69 4.83 4.42 4.56 4.41 4.44 4.69 4.51 4.62 4.28 3.99 3.39 3.16 
12.88 4.86 4.41 4.55 4.37 4.48 4.65 4.51 4.62 4.28 3.95 3.50 3.15 
13.08 4.84 4.39 4.55 4.37 4.49 4.60 4.51 4.62 4.28 3.95 3.53 3.13 
13.27 4.83 4.39 4.55 4.39 4.49 4.55 4.53 4.62 4.28 3.95 3.47 3.11 
13.46 4.79 4.37 4.51 4.39 4.49 4.49 4.56 4.56 4.28 3.95 3.39 - 
13.65 4.74 4.37 4.48 4.39 4.49 4.44 4.63 4.53 4.28 3.97 3.32 - 
13.85 4.65 4.41 4.42 4.37 4.49 4.41 4.70 4.49 4.32 3.99 3.26 - 
14.04 4.56 4.48 4.37 4.34 4.46 4.42 4.77 4.49 4.32 4.00 3.18 - 
14.23 4.46 4.55 4.32 4.30 4.42 4.44 4.83 4.49 4.32 4.02 3.09 - 
14.42 4.35 4.63 4.25 4.27 4.39 4.46 4.86 4.49 4.28 4.04 3.01 - 
14.62 4.27 4.69 4.18 4.21 4.35 4.46 4.88 4.49 4.23 4.04 2.94 - 
14.81 4.20 4.69 4.14 4.18 4.32 4.44 4.88 4.49 4.16 4.02 2.87 - 
15.00 4.13 4.69 4.13 4.14 4.30 4.42 4.86 4.49 4.11 4.00 2.83 - 
15.19 4.14 4.67 4.11 4.11 4.27 4.42 4.84 4.49 4.09 3.99 2.92 - 
15.38 4.16 4.63 4.14 4.07 4.25 4.42 4.81 4.49 4.11 3.95 3.00 - 
15.58 4.21 4.60 4.20 4.06 4.23 4.42 4.77 4.51 4.20 3.92 3.08 - 
15.77 4.27 4.55 4.25 4.04 4.21 4.44 4.74 4.51 4.28 3.88 3.15 - 
15.96 4.34 4.46 4.32 4.04 4.20 4.44 4.70 4.51 4.35 3.85 3.21 - 
16.15 4.41 4.35 4.39 4.07 4.21 4.37 4.69 4.47 4.46 3.83 3.22 - 
16.35 4.48 4.25 4.44 4.13 4.23 4.28 4.67 4.42 4.48 3.81 3.22 - 
16.54 4.53 4.14 4.49 4.18 4.23 4.21 4.63 4.39 4.49 3.79 3.20 - 
16.73 4.56 4.07 4.53 4.20 4.21 4.14 4.58 4.35 4.51 3.78 3.17 - 
16.92 4.56 4.07 4.53 4.16 4.20 4.11 4.53 4.33 4.55 3.76 3.12 - 
17.12 4.53 4.06 4.49 4.11 4.13 4.09 4.48 4.31 4.60 3.76 3.04 - 
17.31 4.48 4.06 4.46 4.06 4.06 4.07 4.42 4.31 4.63 3.76 2.94 - 
17.50 4.42 4.04 4.39 4.04 3.99 4.06 4.34 4.31 4.63 3.78 2.87 - 
17.69 4.38 4.02 4.34 4.02 3.92 3.99 4.25 4.29 4.55 3.76 2.80 - 
17.88 4.34 4.02 4.29 4.02 3.88 3.94 4.16 4.27 4.44 3.77 2.73 - 
18.08 4.28 4.02 4.23 4.00 3.85 3.89 4.07 4.24 4.30 3.78 2.64 - 
18.27 4.20 4.01 4.16 3.94 3.80 3.85 3.99 4.23 4.14 3.77 2.62 - 
18.46 4.10 4.01 4.09 3.85 3.74 3.82 3.90 4.25 4.07 3.76 2.60 - 
18.65 - 4.01 4.04 3.72 3.69 3.78 3.86 - 3.99 3.75 2.60 - 
18.85 - - - - - - 3.83 - 3.90 - 2.59 - 
19.04 - - - - - - 3.78 - 3.81 - 2.60 - 
19.23 - - - - - - 3.75 - 3.75 - 2.62 - 
19.42 - - - - - - 3.72 - 3.68 - 2.66 - 
19.62 - - - - - - 3.73 - 3.58 - 2.66 - 
19.81 - - - - - - 3.74 - 3.49 - - - 
20.00 - - - - - - 3.72 - 3.40 - - - 
43.27 - 4.20 - - 3.91 - - - - - - - 
43.46 4.58 4.15 3.75 3.08 3.82 3.40 - - - - - - 
43.65 4.45 4.13 3.74 3.16 3.77 3.41 - 3.22 - - - - 
43.85 4.35 4.08 3.73 3.20 3.76 3.44 3.43 3.19 - - - - 
44.04 4.25 4.02 3.72 3.23 3.77 3.48 3.46 3.16 - - - - 
44.23 4.21 3.95 3.69 3.25 3.78 3.52 3.49 3.14 - - - 
44.42 4.18 3.92 3.67 3.29 3.83 3.55 3.50 3.12 - - - - 
44.62 4.13 3.79 3.65 3.39 3.85 3.58 3.52 3.10 - - - - 
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Clot thickness (mm) 
44.81 4.06 3.71 3.64 3.48 3.79 3.64 3.43 3.10 	- 	 - 	 - 	 - 
45.00 3.92 3.65 3.65 3.53 3.74 3.69 3.36 3.08 - 	 - 	 - 	 - 
45.19 3.79 3.62 3.67 3.58 3.69 3.72 3.30 3.07 	- 	 - 	 - 	 - 
45.38 3.72 3.58 3.69 3.64 3.74 3.76 3.23 3.04 - 	 - 	 - 	 - 
45.58 3.69 3.57 3.71 3.62 3.76 3.78 3.21 3.03 	- 	 - 	 - 	 - 
45.77 3.67 3.55 3.69 3.59 3.76 3.77 3.16 3.02 - 	 - 	 - 	 - 
45.96 3.62 3.57 3.67 3.57 3.74 3.72 3.10 3.03 	- 	 - 	 - 	 - 
46.15 3.57 3.60 3.65 3.53 3.72 3.64 3.02 3.04 - 	 - 	 - 	 - 
46.35 3.48 3.64 3.67 3.48 3.68 3.55 2.92 - 	 - 	 - 	 - 	 - 
46.54 3.39 3.67 3.69 3.41 3.60 3.46 - - 	 - 	 - 	 - 	 - 
46.73 3.30 3.71 3.69 3.32 3.50 3.37 - - 	 - 	 - 	 - 	 - 
46.92 3.23 3.71 3.67 3.23 3.39 3.29 - - 	 - 	 - 	 - 	 - 
47.12 3.20 3.67 3.60 3.20 3.29 3.22 - - 	 - 	 - 	 - 	 - 
47.31 3.16 3.65 3.53 3.16 3.18 3.16 - - 	 - 	 - 	 - 	 - 
47.50 3.16 3.65 3.46 3.13 3.11 3.13 - - 	 - 	 - 	 - 	 - 
47.69 3.16 3.65 3.41 3.11 3.09 3.11 - - 	 - 	 - 	 - 	 - 
47.88 3.15 3.62 3.37 3.08 3.08 3.12 - - 	 - 	 - 	 - 	 - 
48.08 3.15 3.58 3.30 3.06 3.06 3.15 - - 	 - 	 - 	 - 	 - 
48.27 3.16 3.55 3.23 3.02 3.04 3.18 - - 	 - 	 - 	 - 	 - 
48.46 3.16 3.51 3.17 2.99 3.04 3.22 - - 	 - 	 - 	 - 	 - 
48.65 3.14 3.46 3.12 2.95 3.09 3.27 - - 	 - 	 - 	 - 	 - 
48.85 3.12 3.39 3.12 2.94 3.16 3.32 - - 	 - 	 - 	 - 	 - 
49.04 3.06 3.30 3.15 2.99 3.24 3.37 - - 	 - 	 - 	 - 	 - 
49.23 2.99 3.27 3.20 3.01 3.32 3.41 - - 	 - 	 - 	 - 	 - 
49.42 3.02 3.23 3.25 3.02 3.41 3.44 - - 	 - 	 - 	 - 	 - 
49.62 3.02 3.22 3.29 3.04 3.46 3.46 - - 	 - 	 - 	 - 	 - 
49.81 3.04 3.22 3.32 3.08 3.48 3.48 - - 	 - 	 - 	 - 	 - 
50.00 3.09 3.23 3.37 3.13 3.50 3.50 - - 	 - 	 - 	 - 	 - 
50.19 3.16 3.23 3.46 3.18 3.51 3.51 - - 	 - 	 - 	 - 	 - 
50.38 3.24 3.23 3.55 3.23 3.50 3.55 - - 	 - 	 - 	 - 	 - 
50.58 3.33 3.27 3.62 3.30 3.51 3.60 - - 	 - 	 - 	 - 	 - 
50.77 3.41 3.34 3.66 3.37 3.52 3.64 - - 	 - 	 - 	 - 	 - 
50.96 3.51 3.43 3.70 3.44 3.55 3.68 - - 	 - 	 - 	 - 	 - 
51.15 3.62 3.55 3.72 3.44 3.56 3.71 - - 	 - 	 - 	 - 	 - 
51.35 3.76 3.65 3.74 3.44 3.57 3.74 - - 	 - 	 - 	 - 	 - 
51.54 3.78 3.72 3.76 3.44 3.57 3.74 - - 	 - 	 - 	 - 	 - 
51.73 3.81 3.65 3.79 3.43 3.57 3.72 - - 	 - 	 - 	 - 	 - 
51.92 3.85 3.57 3.83 3.39 3.62 3.69 - - 	 - 	 - 	 - 	 - 
52.12 3.88 3.57 3.86 3.36 3.69 3.65 - - 	 - 	 - 	 - 	 - 
52.31 3.92 3.60 3.88 3.36 3.76 3.60 - - 	 - 	 - 	 - 	 - 
52.50 3.95 3.64 3.88 3.39 3.83 3.53 2.95 - 	 - 	 - 	 - 	 - 
52.69 3.97 3.64 3.88 3.43 3.88 3.51 2.94 - 	 - 	 - 	 - 	 - 
52.88 4.00 3.62 3.88 3.48 3.92 3.50 2.93 - 	 - 	 - 	 - 	 - 
53.08 4.02 3.62 3.88 3.51 3.95 3.48 2.93 - 	 - 	 - 	 - 	 - 
53.27 4.04 3.60 3.88 3.55 4.00 3.46 2.93 - 	 - 	 - 	 - 	 - 
53.46 4.04 3.58 3.86 3.60 4.06 3.41 2.94 - 	 - 	 - 	 - 	 - 
53.65 4.04 3.58 3.90 3.67 4.11 3.37 2.99 - 	 - 	 - 	 - 	 - 
53.85 4.02 3.69 3.93 3.76 4.16 3.34 3.02 - 	 - 	 - 	 - 	 - 
54.04 3.97 3.79 3.95 3.85 4.18 3.31 3.04 - 	 - 	 - 	 - 	 - 
54.23 3.92 3.79 3.95 3.90 4.16 3.29 3.04 - 	 - 	 - 	 - 	 - 
54.42 3.85 3.78 3.97 3.93 4.14 3.27 3.04 - 	 - 	 - 	 - 	 - 
54.62 3.78 3.76 3.99 3.93 4.14 3.29 3.04 - 	 - 	 - 	 - 	 - 
54.81 3.74 3.76 4.00 3.93 4.14 3.25 3.06 - 	 - 	 - 	 - 	 - 
55.00 3.72 3.76 4.02 3.93 4.14 3.22 3.08 - 	 - 	 - 	 - 	 - 
55.19 3.74 3.74 4.04 3.93 4.13 3.16 3.09 - 	 - 	 - 	 - 	 - 
55.38 3.76 3.76 4.04 3.95 4.11 3.09 3.08 - 	 - 	 - 	 - 	 - 
55.58 3.60 3.79 4.02 3.95 4.09 3.06 3.07 - 	 - 	 - 	 - 	 - 
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MM 
along Clot thickness (mm) 
wall 
55.77 3.44 3.83 3.81 3.93 4.07 3.03 3.01 	- 	 - 	 - 	 - 	 - 
55.96 3.29 3.83 3.60 3.92 4.06 2.99 2.92 - 	 - 	 - 	 - 	 - 
56.15 3.15 3.65 3.41 3.88 4.02 2.99 2.83 	- 	 - 	 - 	 - 	 - 
56.35 2.99 3.48 3.23 3.88 3.99 2.99 2.73 - 	 - 	 - 	 - 	 - 
56.54 2.85 3.30 3.06 3.86 3.93 3.00 2.62 	- 	 - 	 - 	 - 	 - 
56.73 2.71 3.13 2.88 3.83 3.86 2.99 2.53 - 	 - 	 - 	 - 	 - 
56.92 2.55 2.95 2.69 3.77 3.78 2.95 2.45 	- 	 - 	 - 	 - 	 - 
57.12 2.36 2.85 2.48 3.66 3.67 - 2.38 -. 	 - 	 - 	 - 	 - 
57.31 2.15 2.74 2.33 3.52 3.55 - 2.31 	- 	 - 	 - 	 - 	 - 
57.50 1.94 2.59 2.22 3.38 3.41 - 2.24 - 	 - 	 - 	 - 	 - 
57.69 1.92 2.40 2.13 3.24 3.27 - 2.14 	- 	 - 	 - 	 - 	 - 
57.88 1.90 2.20 2.19 3.10 3.13 - 2.12 - 	 - 	 - 	 - 	 - 
58.08 1.88 2.06 2.24 2.96 3.04 - - 	 - 	 - 	 - 	 - 	 - 
58.27 1.85 2.08 2.25 2.84 2.95 - - 	 - 	 - 	 - 	 - 	 - 
58.46 1.84 2.12 2.26 2.68 2.86 - - 	 - 	 - 	 - 	 - 	 - 
58.65 1.83 2.16 2.28 2.59 2.77 - - 	 - 	 - 	 - 	 - 	 - 
58.85 - 2.23 2.34 2.51 2.69 - - 	 - 	 - 	 - 	 - 	 - 
59.04 - 2.31 2.44 2.45 - - - 	 - 	 - 	 - 	 - 	 - 
59.23 - - - 2.42 - - - 	 - 	 - 	 - 	 - 	 - 
59.42 - - - 2.44 - - - 	 - 	 - 	 - 	 - 	 - 
59.62 - - - - - - - 	 - 	 - 	 - 	 - 	 - 
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Edinburgh valve, 2 1/mm, steady flowrate, viewed from position 5 
time 11.01 	10.51 	9.52 	8.51 	7.52 	6.52 	5.50 	5.02 	4.52 	4.015 	3.52 	3.02 
along 
wall 
Clot thickness (mm) 
0.19 5.54 5.54 5.29 5.45 - 5.32 - - - - - 	 - 
0.38 5.52 5.58 5.30 5.44 - 5.36 - - - - - 	 - 
0.58 5.53 5.60 5.31 5.43 5.36 5.41 - 5.64 - - - 	 - 
0.77 5.51 5.64 5.34 5.43 5.38 5.47 - 5.66 - - - 	 - 
0.96 5.50 5.67 5.37 5.42 5.42 5.52 - 5.67 - - - 	 - 
1.15 5.49 5.70 5.37 5.42 5.45 5.54 - 5.68 5.45 - - 	 - 
1.35 5.45 5.75 5.37 5.40 5.49 5.63 5.67 5.69 5.66 - - 	 - 
1.54 5.44 5.80 5.37 5.38 5.53 5.70 5.71 5.70 5.82 - - 	 - 
1.73 5.42 5.82 5.37 5.38 5.58 5.75 5.72 5.75 5.94 - - 	 - 
1.92 5.40 5.84 5.38 5.38 5.61 5.77 5.73 5.75 6.04 - - 	 - 
2.12 5.44 5.86 5.38 5.38 5.67 5.79 5.73 5.77 6.12 - - 	 - 
2.31 5.47 5.82 5.38 5.38 5.69 5.80 5.73 5.75 6.29 - - 	 - 
2.50 5.51 5.79 5.40 5.38 5.70 5.82 5.77 5.73 6.45 - - 	 - 
2.69 5.52 5.75 5.42 5.40 5.72 5.82 5.77 5.72 6.59 5.93 - 	 - 
2.88 5.56 5.70 5.42 5.42 5.74 5.79 5.77 5.79 6.73 5.93 - 	 - 
3.08 5.59 5.66 5.42 5.44 5.74 5.75 5.73 5.84 6.82 5.96 - 	 - 
3.27 5.65 5.65 5.44 5.47 5.74 5.73 5.70 5.89 6.73 6.00 - 	 - 
3.46 5.70 5.63 5.49 5.51 5.72 5.68 5.65 5.94 6.63 6.02 - 	 - 
3.65 5.75 5.63 5.54 5.54 5.72 5.65 5.65 6.00 6.50 6.03 - 	 - 
3.85 5.79 5.65 5.58 5.58 5.74 5.63 5.66 6.03 6.40 6.07 - 	 - 
4.04 5.82 5.65 5.61 5.61 5.78 5.61 5.68 6.05 6.29 6.08 - 	 - 
4.23 5.79 5.65 5.65 5.65 5.79 5.59 5.70 6.07 6.19 6.10 - 	 - 
4.42 5.75 5.68 5.68 5.68 5.83 5.58 5.70 6.10 6.10 6.12 - 	 - 
4.62 5.72 5.72 5.70 5.72 5.85 5.56 5.70 6.15 6.01 6.14 - 	 3.62 
4.81 5.68 5.75 5.72 5.73 5.86 5.56 5.73 6.21 5.96 6.15 - 	 3.63 
5.00 5.66 5.79 5.75 5.75 5.88 5.58 5.77 6.17 5.91 6.17 - 	 3.63 
5.19 5.66 5.80 5.79 5.77 5.90 5.61 5.82 6.17 5.87 6.17 - 	 3.63 
5.38 5.65 5.80 5.82 5.77 5.92 5.65 5.87 6.17 5.87 6.15 - 	 3.62 
5.58 5.65 5.80 5.84 5.77 5.94 5.72 5.93 6.15 5.87 6.13 - 	 3.60 
5.77 5.66 5.79 5.86 5.77 5.95 5.79 5.91 6.14 5.89 6.10 - 	 3.58 
5.96 5.70 5.77 5.87 5.77 5.97 5.84 5.89 6.14 5.89 6.07 - 	 3.58 
6.15 5.73 5.77 5.89 5.77 5.97 5.89 5.87 6.17 5.89 6.03 - 	 3.58 
6.35 5.80 5.77 5.91 5.77 5.97 5.94 5.86 6.21 5.91 6.00 - 	 3.58 
6.54 5.87 5.77 5.93 5.77 5.97 6.00 5.86 6.24 5.93 5.96 - 	 3.58 
6.73 5.94 5.77 5.94 5.79 6.01 6.03 5.87 6.26 5.96 5.94 - 	 3.58 
6.92 6.01 5.77 5.96 5.80 6.04 6.05 5.87 6.28 5.98 5.94 - 	 3.58 
7.12 6.07 5.77 5.96 5.82 6.08 6.07 5.89 6.28 6.00 5.94 6.03 	3.58 
7.31 6.10 5.79 5.96 5.84 6.11 6.07 5.91 6.26 6.03 5.94 6.04 3.57 
7.50 6.14 5.80 5.96 5.86 6.15 6.08 5.93 6.24 6.08 5.97 6.06 	3.57 
7.69 6.15 5.82 5.94 5.87 6.19 6.08 5.94 6.26 6.15 6.01 6.07 	3.58 
7.88 6.15 5.86 5.93 5.89 6.20 6.12 5.98 6.28 6.26 6.07 6.08 	3.59 
8.08 6.15 5.89 5.91 5.91 6.22 6.17 6.01 6.31 6.36 6.14 6.08 3.61 
8.27 6.15 5.94 5.91 5.94 6.24 6.22 6.08 6.36 6.47 6.21 6.15 	3.60 
8.46 6.15 6.01 5.91 5.98 6.24 6.26 6.15 6.42 6.56 6.28 6.21 3.59 
8.65 6.17 6.08 5.93 6.01 6.24 6.29 6.22 6.47 6.63 6.36 6.24 	- 
8.85 6.19 6.15 5.94 6.03 6.22 6.35 6.28 6.52 6.66 6.43 6.26 - 
9.04 6.21 6.22 5.98 6.05 6.22 6.40 6.35 6.57 6.70 6.47 6.28 	- 
9.23 6.22 6.29 6.01 6.07 6.22 6.45 6.40 6.66 6.75 6.50 6.29 - 
9.42 6.24 6.35 6.05 6.08 6.24 6.52 6.43 6.75 6.80 6.54 6.31 	- 
9.62 6.24 6.40 6.08 6.10 6.26 6.57 6.47 6.82 6.84 6.56 6.33 - 
9.81 6.24 6.45 6.14 6.14 6.26 6.64 6.50 6.87 6.85 6.57 6.36 	- 
10.00 6.24 6.49 6.19 6.19 6.26 6.68 6.54 6.87 6.82 6.57 6.38 - 
10.19 6.24 6.52 6.24 6.24 6.26 6.70 6.57 6.84 6.78 6.59 6.42 	- 
10.38 6.26 6.54 6.26 6.28 6.26 6.71 6.56 6.77 6.75 6.59 6.42 - 
10.58 6.26 6.54 6.28 6.29 6.27 6.73 6.54 6.73 6.73 6.59 6.42 	- 
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along Clot thickness (mm) 
wall 
10.77 6.21 6.56 6.26 6.29 6.29 6.75 6.50 6.70 6.64 6.54 6.42 - 
10.96 6.15 6.57 6.24 6.29 6.33 6.75 6.46 6.66 6.57 6.45 6.42 - 
11.15 6.12 6.59 6.22 6.29 6.36 6.75 6.38 6.68 6.50 6.38 6.42 - 
11.35 6.10 6.61 6.21 6.29 6.40 6.75 6.29 6.68 6.40 6.33 6.43 - 
11.54 6.08 6.63 6.19 6.29 6.42 6.73 6.26 6.66 6.31 6.29 6.44 - 
11.73 6.10 6.63 6.17 6.31 6.43 6.71 6.22 6.66 6.28 6.28 6.46 - 
11.92 6.12 6.63 6.15 6.31 6.47 6.68 6.19 6.66 6.26 6.26 6.44 - 
12.12 6.14 6.63 6.14 6.31 6.51 6.64 6.15 6.73 6.28 6.24 - - 
12.31 6.15 6.64 6.12 6.31 6.54 6.61 6.12 6.80 6.29 6.21 - - 
12.50 6.15 6.68 6.12 6.33 6.58 6.57 6.10 6.87 6.31 6.19 - 3.85 
12.69 6.15 6.73 6.12 6.36 6.60 6.57 6.10 6.87 6.29 6.17 - 3.85 
12.88 6.19 6.78 6.14 6.43 6.60 6.59 6.14 6.87 6.33 6.17 - 3.85 
13.08 6.12 6.84 6.15 6.50 6.61 6.63 6.18 6.87 6.35 6.21 - 3.85 
13.27 6.03 6.87 6.15 6.56 6.60 6.66 6.22 6.82 6.36 6.26 - 3.85 
13.46 5.93 6.88 6.15 6.60 6.59 6.70 6.28 6.79 6.42 6.30 - 3.85 
13.65 5.82 6.90 6.15 6.65 6.58 6.71 6.29 6.77 6.47 6.32 - 3.85 
13.85 5.68 6.95 6.15 6.68 6.57 6.72 6.30 6.75 6.49 6.31 - 3.85 
14.04 5.52 7.01 6.15 6.73 - 6.71 6.32 6.73 6.48 - - 3.85 
14.23 5.37 7.08 - 6.76 - 6.69 6.35 6.67 6.44 - - 3.85 
14.42 5.23 - - - - 6.65 6.38 - - - - 3.85 
14.62 5.09 - - - - 6.62 - - - - - - 
14.81 4.97 - - - - 6.56 - - - - - - 
15.00 4.86 - - - - 6.49 - - - - - - 
15.19 4.86 - - - - 6.42 - - - - - - 
15.38 4.86 - - - - 6.38 - - - - - - 
15.58 4.85 - - - - 6.31 - - - - - - 
15.77 4.83 - - - - 6.26 - - - - - - 
15.96 4.83 - - - - 6.22 - - - - - - 
16.15 4.86 - - - - 6.18 - - - - - - 
16.35 4.90 - - - - - - - - - - - 
16.54 - - - - - - - - - - - - 
16.73 - - - - - - - - - - - - 
16.92 - - - - - - - - - - - - 
17.12 - - - - - - - - - - - - 
17.31 - - - - - - - - - - - 3.42 
17.50 - - - - - - - - - - - 3.42 
17.69 - - - - - - - - - - - 3.42 
17.88 - - - - - - - - - - - 3.42 
18.08 - - - - - - - - - - - 3.42 
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position 6 
time 11.01 	10.52 	9.51 	8.51 	7.52 	6.51 	6.01 	5.51 	5.02 	4.51 
along Clot thickness (mm) 
wall 
0.19 - - - 2.44 - - 2.13 - - 	 - 
0.38 - - - 2.42 - - 2.15 - - 	 - 
0.58 - - - 2.40 - - 2.18 - - 	 - 
0.77 - - - 2.39 - - 2.21 - - 	 - 
0.96 - - - 2.40 - - 2.24 - - 	 - 
1.15 - - 2.34 2.41 - - 2.27 - - 	 - 
1.35 - - 2.36 2.41 - - 2.33 - - 	 - 
1.54 - - 2.40 2.41 3.50 - 2.38 - - 	 - 
1.73 - - 2.44 2.43 3.56 - 2.43 - - 	 - 
1.92 - - 2.46 2.43 3.60 - 2.43 - - 	 - 
2.12 - - 2.47 2.43 3.62 - 2.43 - - 	 - 
2.31 - - 2.48 2.41 3.61 - 2.42 - - 	 - 
2.50 - 2.50 2.47 2.38 3.60 - 2.41 - - 	 - 
2.69 2.44 2.45 2.45 2.36 3.60 - 2.39 - - 	 - 
2.88 2.50 2.40 2.47 2.40 3.60 2.97 2.36 3.08 - 	 - 
3.08 2.55 2.41 2.47 2.43 3.58 2.83 2.32 3.13 - 	 - 
3.27 2.59 2.42 2.47 2.48 3.56 2.72 2.29 3.17 - 	 - 
3.46 2.58 2.43 2.47 2.52 3.53 2.64 2.27 3.18 - 	 - 
3.65 2.57 2.45 2.45 2.55 3.48 2.63 2.26 3.17 - 	 - 
3.85 2.60 2.45 2.43 2.57 3.40 2.62 2.26 3.14 - 	 - 
4.04 2.62 2.47 2.41 2.60 3.32 2.51 2.31 3.13 - 	 - 
4.23 2.64 2.48 2.41 2.64 3.24 2.42 2.36 3.09 - 	 - 
4.42 2.66 2.50 2.47 2.69 3.19 2.35 2.40 3.02 - 	 - 
4.62 2.73 2.53 2.55 2.76 3.14 2.44 2.41 2.93 - 	 - 
4.81 2.83 2.59 2.64 2.81 3.10 2.51 2.43 2.84 - 	 - 
5.00 2.87 2.66 2.69 2.81 3.07 2.57 2.45 2.74 - 	 - 
5.19 2.90 2.69 2.73 2.80 3.03 2.64 2.48 2.63 - 	 - 
5.38 2.92 2.71 2.74 2.76 3.00 2.69 2.50 2.53 - 	 - 
5.58 2.95 2.73 2.76 2.74 2.98 2.76 2.50 2.44 - 	 - 
5.77 2.99 2.71 2.78 2.73 2.96 2.79 2.50 2.37 - 	 - 
5.96 3.01 2.69 2.80 2.71 2.96 2.82 2.48 2.32 - 	 - 
6.15 3.02 2.69 2.81 2.67 2.99 2.83 2.47 2.29 - 	 - 
6.35 3.02 2.69 2.83 2.66 3.03 2.81 2.43 2.29 - 	 - 
6.54 3.04 2.71 2.81 2.66 3.05 - 2.41 2.31 - 	 - 
6.73 3.04 2.73 2.80 2.67 3.05 - 2.41 2.31 - 	 - 
6.92 3.02 2.74 2.78 2.69 3.05 - 2.43 2.31 - 	 - 
7.12 3.01 2.74 2.76 2.71 3.05 - 2.45 2.33 - 	 - 
7.31 2.97 2.74 2.76 2.73 3.05 - 2.45 2.34 - 	 - 
7.50 2.95 2.76 2.78 2.73 3.05 - 2.45 2.38 - 	 - 
7.69 2.94 2.76 2.80 2.83 3.08 - 2.45 2.41 - 	 - 
7.88 2.92 2.78 2.81 2.95 3.10 - 2.45 2.43 - 	 - 
8.08 2.88 2.78 2.83 3.08 3.12 - 2.45 2.45 - 	 - 
8.27 2.85 2.76 2.83 3.22 3.12 - 2.45 2.48 - 	 - 
8.46 2.81 2.74 2.83 3.36 3.12 - 2.47 2.52 - 	 - 
8.65 2.76 2.71 2.85 3.48 3.14 - 2.48 2.53 - 	 - 
8.85 2.71 2.69 2.85 3.58 3.17 - 2.48 2.53 2.63 - 
9.04 2.66 2.73 2.87 3.67 3.21 3.92 2.45 2.53 2.72 	- 
9.23 2.60 2.76 2.88 3.76 3.24 3.92 2.41 2.52 2.79 - 
9.42 2.57 2.80 2.92 3.85 3.28 3.95 2.41 2.50 2.86 	- 
9.62 2.57 2.83 2.95 3.95 3.32 3.97 2.41 2.47 2.92 	1.44 
9.81 2.59 2.88 2.99 3.95 3.32 3.98 2.41 2.45 2.99 	1.44 
10.00 2.60 2.94 3.01 3.92 3.33 4.06 2.43 2.45 3.13 	1.44 
10.19 2.64 3.01 3.02 3.81 3.33 4.15 2.47 2.44 3.25 	1.44 
10.38 2.67 3.06 3.06 3.71 3.33 4.24 2.50 2.43 3.34 - 
10.58 2.71 3.11 3.09 3.60 3.33 4.33 2.50 2.41 3.41 	- 
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mm 
along Clot thickness (mm) 
wall 
10.77 2.76 3.16 3.11 3.50 3.33 4.42 2.48 2.41 3.29 	- 
10.96 2.83 3.20 3.11 3.39 3.33 4.49 2.48 2.43 3.16 - 
11.15 2.90 3.18 3.09 3.30 3.33 4.55 2.48 2.45 3.04 	- 
11.35 2.97 3.16 3.08 3.22 3.33 4.47 2.52 2.47 2.92 - 
11.54 3.02 3.16 3.04 3.13 3.33 4.39 2.52 2.48 2.78 	- 
11.73 3.02 3.18 3.01 3.04 3.35 4.30 2.52 2.48 2.64 - 
11.92 3.02 3.20 2.97 2.95 3.33 4.19 2.53 2.48 2.48 	- 
12.12 3.02 3.22 2.95 2.88 3.32 4.01 2.50 2.47 2.33 - 
12.31 3.02 3.25 2.94 2.88 3.30 3.81 - 2.45 2.20 	- 
12.50 3.02 3.30 2.90 2.88 3.28 3.62 - 2.41 2.08 - 
12.69 3.02 3.36 2.87 2.88 3.26 3.42 - 2.38 1.98 	- 
12.88 3.01 3.41 2.85 2.88 3.24 3.23 - 2.36 1.98 - 
13.08 2.97 3.48 2.85 2.81 3.24 3.01 - 2.34 1.99 	- 
13.27 2.95 3.55 2.87 2.74 3.24 2.82 - 2.34 2.01 - 
13.46 2.95 3.62 2.90 2.74 3.16 2.75 - 2.38 2.03 	- 
13.65 2.97 3.67 2.94 2.78 3.05 2.66 - 2.41 2.05 - 
13.85 2.99 3.71 2.97 2.81 2.91 2.57 - 2.38 2.06 	- 
14.04 3.01 3.74 3.01 2.83 2.83 2.51 - 2.34 2.06 - 
14.23 3.01 3.78 3.01 2.83 2.78 2.45 - 2.34 2.06 	- 
14.42 3.01 3.79 3.01 2.83 2.76 2.41 - 2.36 2.03 - 
14.62 3.01 3.79 3.04 2.83 2.76 2.37 - 2.38 1.99 	- 
14.81 3.01 3.78 3.08 2.81 2.76 2.35 - 2.40 1.96 - 
15.00 3.01 3.76 3.09 2.78 2.78 2.34 - 2.38 1.94 	- 
15.19 3.01 3.65 3.11 2.81 2.76 2.35 - 2.34 1.91 - 
15.38 2.99 3.53 3.11 2.85 2.73 2.39 2.47 2.29 1.87 	- 
15.58 2.92 3.41 3.09 2.81 2.78 2.44 2.47 2.20 1.84 - 
15.77 2.85 3.29 3.08 2.74 2.83 2.53 2.50 2.12 1.80 	- 
15.96 2.80 3.16 3.08 2.67 2.91 2.63 2.52 2.13 1.78 - 
16.15 2.74 3.02 3.08 2.62 2.95 2.73 2.52 2.13 1.76 	- 
16.35 2.71 2.90 3.13 2.55 2.92 2.83 2.50 2.12 1.74 - 
16.54 2.67 2.81 3.08 2.52 2.85 2.92 2.50 2.08 1.73 	- 
16.73 2.62 2.74 3.01 2.48 2.76 3.01 2.48 2.06 1.73 - 
16.92 2.55 2.66 2.92 2.45 2.73 3.08 2.48 2.03 - 	 - 
17.12 2.52 2.57 2.83 2.45 2.66 3.16 2.48 2.02 - 	 - 
17.31 2.48 2.56 2.81 2.44 2.60 3.23 2.45 2.03 - 	 - 
17.50 2.43 2.56 2.78 - 2.55 3.26 2.45 2.04 - 	 - 
17.69 2.42 2.57 2.74 - 2.48 3.29 2.44 2.06 - 	 - 
17.88 2.40 2.58 2.69 - - 3.31 - 2.08 - 	 - 
18.08 - 2.60 2.60 - - 3.31 - - - 	 - 
18.27 - - - - - 3.31 - - - 	 - 
18.46 - - - - - 3.30 - - - 	 - 
APPENDIX D. TABLE OF RESULTS 
Edinburgh valve. 2 I/mm, steaay nowrate, viewed trom position 
Lime 11.01 10.51 9.52 8.52 7.51 6.52 5.54 5.02 4.51 4.01 nins) 
111111 
along Clot thickness (mm) 
wall 
0.19 4.13 4.17 4.26 4.33 3.91 - 3.97 3.37 2.53 - 
0.38 4.15 4.18 4.29 4.34 3.96 - 4.01 3.32 2.53 - 
0.58 4.21 4.21 4.33 4.35 3.99 - 4.04 3.29 2.55 - 
0.77 4.25 4.25 4.36 4.36 4.02 - 4.06 3.27 2.56 - 
0.96 4.29 4.29 4.38 4.37 4.04 - 4.08 3.27 2.58 - 
1.15 4.32 4.30 4.41 4.37 4.06 4.90 4.09 3.32 2.59 - 
1.35 4.37 4.34 4.42 4.37 4.11 4.93 4.13 3.37 2.59 - 
1.54 4.35 4.35 4.42 4.35 4.16 4.90 4.16 3.43 2.60 - 
1.73 4.37 4.35 4.42 4.35 4.21 4.88 4.20 3.46 2.62 - 
1.92 4.37 4.35 4.42 4.35 4.27 4.86 4.20 3.50 2.67 - 
212 4.37 4.35 4.42 4.35 4.32 4.81 4.20 3.53 2.71 - 
2.31 4.37 4.35 4.41 4.34 4.34 4.81 4.20 3.58 2.73 - 
2.50 4.37 4.35 4.39 4.35 4.35 4.80 4.20 3.65 2.76 - 
2.69 4.35 4.32 4.35 4.37 4.37 4.74 4.20 3.62 2.78 - 
2.88 4.35 4.30 4.32 4.39 4.39 4.69 4.20 3.62 2.81 2.35 
3.08 4.37 4.27 4.28 4.41 4.42 4.62 4.18 3.60 2.83 2.38 
3.27 4.37 4.27 4.25 4.42 4.44 4.55 4.16 3.55 2.81 2.40 
3.46 4.37 4.27 4.21 4.44 4.44 4.47 4.14 3.50 2.80 2.42 
3.65 4.42 4.28 4.20 4.48 4.44 4.46 4.16 3.44 2.76 2.43 
3.85 4.41 4.30 4.20 4.49 4.42 4.44 4.18 3.39 2.71 2.44 
4.04 4.39 4.30 4.18 4.51 4.41 4.42 4.20 3.37 2.59 2.46 
4.23 4.37 4.30 4.18 4.51 4.39 4.44 4.20 3.36 2.48 2.48 
4.42 4.37 4.30 4.14 4.49 4.37 4.46 4.18 3.34 2.45 2.50 
4.62 4.37 4.28 4.11 4.44 4.37 4.46 4.18 3.32 2.43 2.51 
4.81 4.35 4.28 4.07 4.39 4.34 4.46 4.18 3.41 2.41 2.53 
5.00 4.32 4.25 4.06 4.35 4.30 4.46 4.18 3.44 2.36 2.55 
5.19 4.27 4.23 4.06 4.34 4.25 4.47 4.18 3.48 2.34 2.55 
5.38 4.23 4.21 4.07 4.32 4.21 4.49 4.18 3.50 2.38 2.55 
5.58 4.20 4.21 4.11 4.30 4.18 4.51 4.18 3.53 2.45 2.55 
5.77 4.18 4.21 4.14 4.28 4.14 4.51 4.14 3.57 2.52 2.51 
5.96 4.20 4.21 4.16 4.28 4.13 4.51 4.11 3.60 2.60 2.55 
6.15 4.20 4.23 4.18 4.28 4.13 4.51 4.09 3.58 2.76 2.60 
6.35 4.21 4.25 4.16 4.30 4.14 4.53 4.11 3.57 2.92 2.66 
6.54 4.21 4.25 4.18 4.32 4.16 4.55 4.13 3.55 2.88 2.71 
6.73 4.20 4.25 4.20 4.32 4.16 4.55 4.13 3.51 2.81 2.78 
6.92 4.14 4.23 4.20 4.32 4.14 4.51 4.13 3.48 2.76 2.83 
7.12 4.11 4.23 4.18 4.30 4.13 4.47 4.13 3.48 2.73 2.89 
7.31 4.06 4.23 4.14 4.27 4.11 4.55 4.13 3.48 2.69 2.94 
7.50 4.00 4.21 4.11 4.23 4.11 4.62 4.14 3.50 2.71 2.98 
7.69 3.97 4.18 4.07 4.20 4.18 4.69 4.16 3.50 2.69 3.03 
7.88 3.95 4.16 4.06 4.16 4.25 4.72 4.16 3.50 2.67 3.12 
8.08 3.95 4.16 4.06 4.13 4.32 4.76 4.16 3.50 2.66 3.14 
8.27 3.99 4.18 4.07 4.13 4.34 4.80 4.16 3.51 2.64 3.12 
8.46 4.02 4.20 4.13 4.14 4.32 4.81 4.13 3.53 2.62 3.10 
8.65 4.04 4.23 4.21 4.20 4.28 4.83 4.09 3.57 2.73 3.08 
8.85 4.07 4.28 4.30 4.27 4.23 4.87 4.07 3.64 2.85 3.05 
9.04 4.20 4.35 4.41 4.34 4.23 4.94 4.06 3.68 2.95 3.03 
9.23 4.30 4.41 4.51 4.41 4.23 5.01 4.04 3.71 3.06 3.02 
9.42 4.42 4.46 4.62 4.48 4.21 4.97 4.06 3.72 3.15 3.01 
9.62 4.55 4.48 4.72 4.51 4.14 4.94 4.07 3.71 3.16 3.01 
9.81 4.65 4.48 4.81 4.55 4.00 4.78 4.07 3.67 3.16 3.00 
10.00 4.74 4.44 4.88 4.58 3.85 4.62 4.09 3.64 3.16 2.97 
10.19 4.81 4.39 4.93 4.58 3.69 4.46 4.11 3.58 3.16 - 
10.38 4.86 4.34 5.00 4.56 3.64 4.40 4.13 3.53 3.15 - 
10.58 4.90 4.30 5.05 4.55 3.64 4.37 4.18 3.48 3.15 - 
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MM 
along Clot thickness (mm) 
wi11 
10.77 4.88 4.27 5.07 4.51 3.65 4.35 4.23 3.41 	3.16 	- 
10.96 4.86 4.25 5.09 4.48 3.69 4.35 4.27 3.32 	3.15 - 
11.15 4.79 4.25 5.09 4.44 3.72 4.35 4.30 3.29 	3.13 	- 
11.35 4.74 4.25 5.07 4.41 3.76 4.31 4.34 3.27 	3.11 - 
11.54 4.70 4.25 5.02 4.37 3.79 4.26 4.34 3.25 - 	 - 
11.73 4.65 4.27 4.93 4.37 3.86 4.21 4.32 3.27 	- 	 - 
11.92 4.60 4.30 4.86 4.37 3.93 4.28 4.32 3.27 - 	 - 
12.12 4.53 4.35 4.81 4.37 4.02 4.40 4.32 3.27 	- 	 - 
12.31 4.46 4.41 4.76 4.41 4.11 4.56 4.30 3.29 - 	 - 
12.50 4.37 4.44 4.74 4.42 4.16 4.60 4.28 3.32 	- 	 - 
12.69 4.28 4.46 4.72 4.44 4.18 4.62 4.25 3.37 - 	 - 
12.88 4.30 4.48 4.70 4.44 4.21 4.62 4.21 - 	 - 	 - 
13.08 4.35 4.48 4.67 4.44 4.25 4.60 4.18 - 	 - 	 - 
13.27 4.39 4.46 4.63 4.46 4.28 4.56 4.13 - 	 - 	 - 
13.46 4.39 4.42 4.60 4.48 4.30 4.53 4.07 - 	 - 	 - 
13.65 4.37 4.39 4.60 4.51 4.32 4.49 4.04 - 	 - 	 - 
13.85 4.37 4.37 4.62 4.56 4.34 4.46 4.00 - 	 - 	 - 
14.04 4.37 4.35 4.67 4.62 4.37 4.49 3.97 - 	 - 	 - 
14.23 4.41 4.35 4.70 4.67 4.41 4.53 3.93 - 	 - 	 - 
14.42 4.39 4.32 4.77 4.72 4.39 4.53 3.92 - 	 - 	 - 
14.62 4.39 4.28 4.79 4.76 4.34 4.55 3.90 - 	 - 	 - 
14.81 4.39 4.25 4.81 4.69 4.27 4.55 3.90 - 	 - 	 - 
15.00 4.34 4.21 4.81 4.63 4.18 4.53 3.90 - 	 - 	 - 
15.19 4.25 4.18 4.84 4.58 4.09 4.51 3.90 - 	 - 	 - 
15.38 4.20 4.13 4.90 4.51 4.13 4.51 3.90 - 	 - 	 - 
15.58 4.16 4.09 4.97 4.44 4.20 4.57 3.90 - 	 - 	 - 
15.77 4.13 4.06 5.02 4.35 4.28 4.67 3.92 - 	 - 	 - 
15.96 4.09 4.02 5.07 4.25 4.37 - 3.93 - 	 - 	 - 
16.15 4.06 3.99 5.10 4.14 4.42 - 3.95 - 	 - 	 - 
16.35 4.00 3.94 5.14 4.06 4.48 - 3.95 - 	 - 	 - 
16.54 3.99 3.93 5.13 3.97 4.58 - 3.95 - 	 - 	 - 
16.73 3.97 3.92 5.13 3.90 4.69 - 3.95 - 	 - 	 - 
16.92 3.97 3.90 5.12 3.92 4.83 - 3.95 - 	 - 	 - 
17.12 3.99 3.88 5.14 3.93 4.97 - 3.95 - 	 - 	 - 
17.31 4.00 - 5.13 3.97 5.10 - 3.97 - 	 - 	 - 
17.50 4.00 - - 4.00 5.11 - 4.00 - 	 - 	 - 
17.69 4.00 - - 4.04 5.10 - 4.06 - 	 - 	 - 
17.88 4.00 - - 4.07 5.08 - 4.07 - 	 - 	 - 
18.08 4.00 - - 4.11 5.06 - 4.08 - 	 - 	 - 
18.27 4.00 - - 4.13 - - 4.08 - 	 - 	 - 
18.46 4.00 - - 4.13 - - 4.11 - 	 - 	 - 
18.65 4.02 - - 4.13 - - 4.15 - 	 - 	 - 
18.85 4.04 - - 4.13 - - 4.20 - 	 - 	 - 
19.04 4.04 - - 4.13 - - - - 	 - 	 - 
19.23 4.04 - - 4.13 - - - - 	 - 	 - 
19.42 4.04 - - 4.12 - - - - 	 - 	 - 
19.62 4.04 - - 4.11 - - - - 	 - 	 - 
19.81 4.04 - - 4.09 - - - - 	 - 	 - 
20.00 4.04 - - 4.07 - - - - 	 - 	 - 
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11.01 	10.52 	9.51 	8.52 	7.52 	6.51 	6.01 	5.51 	5.01 
along Clot thickness (mm) 
wall 
0.19 3.14 2.94 2.92 - - - - - - 
0.38 3.14 2.94 2.94 - - - - - - 
0.58 3.16 2.97 3.00 - - 2.82 2.69 - - 
0.77 3.20 3.01 3.06 3.33 3.14 2.86 2.69 - - 
0.96 3.24 3.06 3.10 3.35 3.19 2.88 2.69 - - 
1.15 3.26 3.10 3.13 3.37 3.22 2.91 2.69 2.37 - 
1.35 3.30 3.16 3.18 3.38 3.25 2.92 2.69 2.39 - 
1.54 3.33 3.19 3.23 3.38 3.27 2.94 2.69 2.40 - 
1.73 3.35 3.23 3.27 3.39 3.29 2.97 2.71 2.39 - 
1.92 3.37 3.24 3.30 3.41 3.36 2.99 2.73 2.35 - 
2.12 3.39 3.26 3.34 3.43 3.41 2.99 2.74 2.31 - 
2.31 3.40 3.28 3.36 3.44 3.44 2.99 2.74 2.27 - 
2.50 3.42 3.30 3.37 3.46 3.46 3.01 2.73 2.23 1.89 
2.69 3.40 3.30 3.37 3.46 3.46 2.99 2.71 2.19 1.90 
2.88 3.37 3.28 3.37 3.46 3.46 2.97 2.71 2.15 1.90 
3.08 3.33 3.24 3.34 3.46 3.44 2.95 2.69 2.09 1.90 
3.27 3.30 3.21 3.30 3.43 3.43 2.94 2.69 2.02 1.90 
3.46 3.24 3.17 3.25 3.39 3.39 2.92 2.69 1.95 1.91 
3.65 3.19 3.12 3.20 3.34 3.34 2.88 2.69 1.88 1.92 
3.85 3.16 3.07 3.16 3.29 3.29 2.87 2.67 1.84 1.92 
4.04 3.14 3.03 3.13 3.25 3.27 2.85 2.66 1.84 1.91 
4.23 3.12 3.01 3.11 3.23 3.25 2.83 2.62 1.86 1.87 
4.42 3.12 3.01 3.11 3.23 3.23 2.81 2.60 1.88 1.84 
4.62 3.12 3.01 3.11 3.23 3.22 2.74 2.60 1.90 1.80 
4.81 3.12 3.01 3.09 3.23 3.20 2.71 2.60 1.94 1.77 
5.00 3.12 2.99 3.06 3.23 3.20 2.69 2.59 1.98 1.75 
5.19 3.10 2.98 3.06 3.22 3.22 2.66 2.59 2.01 1.77 
5.38 3.08 2.96 3.04 3.22 3.22 2.62 2.57 1.98 1.78 
5.58 3.08 2.94 3.02 3.20 3.23 2.59 2.57 1.94 1.80 
5.77 3.07 2.96 3.01 3.20 3.27 2.59 2.57 1.94 1.80 
5.96 3.05 2.98 2.99 3.20 3.32 2.60 2.55 1.94 1.78 
6.15 3.01 2.99 2.99 3.18 3.34 2.62 2.53 1.96 1.78 
6.35 2.99 2.99 2.97 3.16 3.36 2.64 2.53 1.96 1.80 
6.54 2.96 2.98 2.94 3.13 3.36 2.66 2.53 1.96 1.82 
6.73 2.94 2.98 2.92 3.09 3.37 2.73 2.53 1.96 1.85 
6.92 2.94 2.96 2.90 3.08 3.39 2.76 2.52 1.94 1.91 
7.12 2.94 2.96 2.90 3.04 3.37 2.78 2.50 1.92 1.94 
7.31 2.96 2.96 2.88 3.02 3.36 2.80 2.48 1.94 1.94 
7.50 2.98 2.96 2.88 3.01 3.39 2.81 2.47 2.03 1.96 
7.69 2.99 2.96 2.90 3.01 3.44 2.83 2.41 2.12 1.94 
7.88 3.03 2.96 2.92 3.02 3.50 2.83 2.38 2.15 1.94 
8.08 2.89 2.96 2.95 3.04 3.53 2.81 2.37 2.18 1.97 
8.27 2.82 2.94 2.94 3.06 3.51 2.80 2.36 2.19 2.01 
8.46 2.91 2.92 2.90 3.06 3.49 2.78 2.34 2.20 2.05 
8.65 2.98 2.91 2.87 3.04 3.47 2.76 2.31 2.21 - 
8.85 3.03 2.87 2.83 3.01 3.44 2.73 - - - 
9.04 3.08 2.85 2.80 2.95 3.38 2.73 - - - 
9.23 3.12 2.83 2.78 2.92 3.35 2.73 - - - 
9.42 3.17 2.82 2.78 2.90 3.31 2.74 - - - 
9.62 3.23 2.80 2.78 2.92 3.24 2.74 - - - 
9.81 3.28 2.78 2.78 2.94 3.16 2.76 - - - 
10.00 3.32 2.76 2.78 2.92 3.07 2.78 - - - 
10.19 3.51 2.78 2.76 2.90 3.00 2.80 - - - 
10.38 3.64 2.82 2.78 2.90 2.98 2.81 - - - 
10.58 3.60 2.85 2.81 2.90 2.99 2.83 - - - 
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along Clot thickness (mm) 
wgII 
10.77 3.58 2.89 2.85 2.90 3.01 2.85 	- 	 - 	 - 
10.96 3.55 2.92 2.87 2.92 3.01 2.87 - 	 - 	 - 
11.15 3.51 2.96 2.88 2.94 3.01 2.87 	- 	 - 	 - 
11.35 3.49 2.99 2.90 2.95 3.01 2.88 - 	 - 	 - 
11.54 3.48 3.03 2.92 2.97 3.02 2.92 	- 	 - 	 - 
11.73 3.46 3.07 2.94 2.97 3.06 2.97 - 	 - 	 - 
11.92 3.44 3.10 2.95 2.99 3.09 3.01 	- 	 - 	 - 
12.12 3.44 3.14 2.97 3.02 3.13 3.04 - 	 - 	 - 
12.31 3.44 3.14 2.99 3.06 3.15 3.08 	- 	 - 	 - 
12.50 3.44 3.14 3.01 3.08 3.16 3.11 - 	 - 	 - 
12.69 3.42 3.14 3.01 3.09 3.16 3.15 	- 	 - 	 - 
12.88 3.40 3.14 3.01 3.13 3.15 3.18 - 	 - 	 - 
13.08 3.39 3.14 3.02 3.16 3.15 3.20 	- 	 - 	 - 
13.27 3.37 3.14 3.04 3.16 3.15 3.20 - 	 - 	 - 
13.46 3.35 3.12 3.04 3.18 3.15 3.18 	- 	 - 	 - 
13.65 3.32 3.10 3.04 3.18 3.15 3.15 - 	 - 	 - 
13.85 3.28 3.07 3.02 3.18 3.11 3.13 	- 	 - 	 - 
14.04 3.24 3.03 2.99 3.15 3.06 3.09 - 	 - 	 - 
14.23 3.21 2.99 2.95 3.11 3.01 3.04 	- 	 - 	 - 
14.42 3.16 2.94 2.90 3.04 2.95 2.99 - 	 - 	 - 
14.62 3.08 2.91 2.85 2.97 2.90 2.94 	- 	 - 	 - 
14.81 3.01 2.87 2.80 2.90 2.85 2.88 - 	 - 	 - 
15.00 2.94 2.83 2.76 2.83 2.83 2.81 	- 	 - 	 - 
15.19 2.91 2.80 2.73 2.76 2.83 2.76 - 	 - 	 - 
15.38 2.89 2.76 2.69 2.73 2.85 2.74 	- 	 - 	 - 
15.58 2.87 2.75 2.66 2.67 2.85 2.73 - 	 - 	 - 
15.77 2.85 2.71 2.60 2.62 2.83 2.71 	- 	 - 	 - 
15.96 2.82 2.69 2.57 2.57 2.83 2.67 - 	 - 	 - 
16.15 2.78 2.67 2.55 2.53 2.83 2.69 	- 	 - 	 - 
16.35 2.75 2.66 2.53 2.50 2.83 2.73 - 	 - 	 - 
16.54 2.76 2.66 2.53 2.50 2.85 2.74 	- 	 - 	 - 
16.73 2.80 2.64 2.53 2.50 2.87 2.74 - 	 - 	 - 
16.92 2.82 2.62 2.55 2.52 2.87 2.74 	- 	 - 	 - 
17.12 2.83 2.60 2.55 2.53 2.85 2.76 - 	 - 	 - 
17.31 2.83 2.58 2.53 2.55 2.81 2.78 	- 	 - 	 - 
17.50 2.80 2.57 2.53 2.57 2.78 2.78 - 	 - 	 - 
17.69 2.76 •2.55 2.53 2.55 2.74 2.76 	- 	 - 	 - 
17.88 2.73 2.55 2.55 2.53 2.69 2.76 - 	 - 	 - 
18.08 2.71 2.53 2.55 2.52 2.67 2.74 	- 	 - 	 - 
18.27 2.69 2.53 2.55 2.52 2.67 2.70 - 	 - 	 - 
18.46 2.66 2.53 2.55 2.52 2.67 2.66 	- 	 - 	 - 
18.65 2.60 2.51 2.56 2.52 2.64 2.64 - 	 - 	 - 
18.85 2.55 2.50 2.56 2.53 2.60 2.65 	- 	 - 	 - 
19.04 2.51 2.48 2.57 2.50 - 2.66 - 	 - 	 - 
19.23 2.49 2.47 2.58 - - 2.67 	- 	 - 	 - 
19.42 2.46 2.46 2.59 - - 2.70 - 	 - 	 - 
19.62 2.45 2.45 2.59 - - 2.73 	- 	 - 	 - 
19.81 2.44 2.44 2.59 - - 2.78 - 	 - 	 - 
20.00 2.42 2.42 2.59 - - 2.81 	- 	 - 	 - 
20.19 - - 2.60 - - 2.87 - 	 - 	 - 
20.38 - - 2.60 - - 2.90 	- 	 - 	 - 
20.58 - - 2.60 - - 2.92 - 	 - 	 - 
20.77 - - 2.60 - - 2.92 	- 	 - 	 - 
20.96 - - 2.60 - - 2.91 - 	 - 	 - 
21.15 - - 2.60 - - 2.92 	- 	 - 	 - 
21.35 - - 2.60 - - 2.93 - 	 - 	 - 
21.54 - - 2.60 2.88 - 2.92 	- 	 - 	 - 
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along 	 Clot thickness (mm) 
wall 
21.73 	- 	- 	2.59 	2.88 	- 	2.91 
21.92 - - - 2.88 - 	2.88 
22.12 	- 	- 	- 	2.88 	- - 
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Edfriburgh valve, 2 1/mm, steady flowrate, viewed from position 1 
11.01 	10.52 	9.52 	8.52 	7.52 	6.51 	5.51 	5.01 	4.51 	4.02 	3.51 
along Clot thickness (mm) 
wall 
0.19 3.56 3.59 3.40 3.65 3.91 4.51 3.65 3.30 2.03 - - 
0.38 3.57 3.61 3.43 3.68 3.96 4.45 3.64 3.28 2.10 - - 
0.58 3.58 3.65 3.46 3.68 3.99 4.39 3.63 3.26 2.16 - - 
0.77 3.57 3.68 3.48 3.68 4.02 4.31 3.61 3.25 2.20 - - 
0.96 3.56 3.71 3.50 3.67 4.04 4.25 3.58 3.24 2.24 - - 
1.15 3.55 3.71 3.51 3.67 4.06 4.21 3.57 3.23 2.28 - - 
1.35 3.57 3.73 3.57 3.72 4.13 4.12 3.55 3.21 2.37 - - 
1.54 3.57 3.74 3.62 3.76 4.20 4.03 3.53 3.19 2.44 - - 
1.73 3.55 3.76 3.67 3.78 4.23 3.96 3.52 3.17 2.53 - - 
1.92 3.53 3.78 3.71 3.78 4.23 3.90 3.50 3.16 2.62 2.34 - 
2.12 3.53 3.78 3.74 3.78 4.23 3.85 3.46 3.14 2.67 2.31 - 
2.31 3.53 3.78 3.76 3.78 4.23 3.80 3.43 3.14 2.69 2.26 - 
2.50 3.51 3.78 3.76 3.78 4.23 3.78 3.48 3.16 2.70 2.22 - 
2.69 3.50 3.74 3.76 3.78 4.21 3.78 3.53 3.17 2.71 2.19 - 
2.88 3.50 3.71 3.76 3.78 4.20 3.80 3.60 3.21 2.72 2.17 - 
3.08 3.50 3.67 3.78 3.78 4.16 3.81 3.67 3.24 2.74 2.16 - 
3.27 3.51 3.65 3.79 3.78 4.13 3.83 3.76 3.28 2.74 2.14 - 
3.46 3.53 3.65 3.79 3.76 4.09 3.87 3.84 3.30 2.74 2.12 - 
3.65 3.57 3.67 3.79 3.76 4.06 3.90 3.93 3.32 2.75 2.12 - 
3.85 3.60 3.71 3.78 3.76 4.02 3.92 4.01 3.32 2.75 2.10 - 
4.04 3.64 3.74 3.76 3.76 3.99 3.92 4.12 3.32 2.75 2.08 - 
4.23 3.65 3.78 3.72 3.76 3.97 3.92 4.22 3.32 2.79 2.10 - 
4.42 3.65 3.81 3.69 3.74 3.95 3.92 4.32 3.32 2.80 2.13 - 
4.62 3.67 3.83 3.67 3.71 3.93 3.92 4.34 3.30 2.82 2.17 - 
4.81 3.69 3.85 3.65 3.69 3.92 3.92 4.36 3.28 2.83 2.20 - 
5.00 3.71 3.87 3.65 3.69 3.90 3.92 4.36 3.24 2.83 2.22 1.28 
5.19 3.72 3.89 3.64 3.69 3.92 3.92 4.36 3.24 2.83 2.21 1.32 
5.38 3.72 3.90 3.62 3.69 3.93 3.94 4.34 3.24 2.83 2.20 1.35 
5.58 3.74 3.90 3.60 3.69 3.95 3.96 4.32 3.24 2.82 2.18 1.35 
5.77 3.74 3.89 3.58 3.67 3.97 3.98 4.31 3.24 2.80 2.15 1.33 
5.96 3.74 3.85 3.57 3.65 4.00 3.99 4.22 3.26 2.78 2.12 1.31 
6.15 3.74 3.80 3.55 3.64 4.07 3.99 4.12 3.28 2.75 2.08 1.31 
6.35 3.76 3.74 3.55 3.62 4.14 3.98 4.01 3.30 2.71 2.05 1.33 
6.54 3.81 3.69 3.55 3.62 4.21 3.96 3.91 3.30 2.67 2.01 1.35 
6.73 3.90 3.65 3.55 3.65 4.20 3.94 3.84 3.28 2.64 1.99 1.36 
6.92 3.92 3.64 3.55 3.69 4.20 3.92 3.79 3.26 2.60 1.98 1.38 
7.12 3.95 3.64 3.53 3.71 4.21 3.92 3.77 3.26 2.57 1.98 1.38 
7.31 3.99 3.65 3.51 3.72 4.21 3.92 3.76 3.23 2.55 1.99 1.35 
7.50 4.04 3.67 3.50 3.74 4.21 3.90 3.72 3.23 2.53 2.01 1.26 
7.69 4.07 3.69 3.48 3.76 4.20 3.89 3.67 3.24 2.53 2.01 1.19 
7.88 - 3.71 3.48 3.78 4.18 3.87 3.62 3.26 2.53 2.01 1.14 
8.08 - 3.73 3.51 3.79 4.16 3.85 3.62 3.28 2.53 2.01 1.08 
8.27 - 3.76 3.55 3.81 4.13 3.85 3.62 3.30 2.55 2.03 1.12 
8.46 - 3.80 3.57 3.83 4.07 3.87 3.62 3.32 2.55 2.05 1.14 
8.65 - 3.80 3.58 3.85 4.02 3.89 3.64 3.37 2.55 2.08 1.15 
8.85 - 3.80 3.58 3.83 4.06 3.90 3.64 3.44 2.55 2.12 1.14 
9.04 - 3.80 3.58 3.81 4.09 3.92 3.62 3.49 2.55 2.15 1.12 
9.23 - 3.78 3.58 3.79 4.11 3.92 3.57 3.53 2.55 2.17 1.08 
9.42 - 3.74 3.60 3.79 4.13 3.94 3.52 3.57 2.55 2.17 1.08 
9.62 - 3.71 3.62 3.79 4.14 3.96 3.48 3.57 2.55 2.15 1.14 
9.81 - 3.71 3.65 3.79 4.16 3.96 3.46 3.57 2.53 2.13 1.19 
10.00 - 3.71 3.67 3.79 4.16 3.96 3.45 3.57 2.51 2.12 1.24 
10.19 - 3.71 3.67 3.78 4.14 3.96 3.46 3.57 2.50 2.10 1.31 
10.38 - 3.67 3.65 3.76 4.09 3.96 3.50 3.57 2.48 2.08 1.31 
10.58 3.46 3.64 3.65 3.74 4.04 3.96 3.53 3.57 2.48 2.06 1.33 
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MM 
along Clot thickness (mm) 
wall 
10.77 - 3.64 3.64 3.72 3.99 3.96 3.55 3.55 2.50 2.05 1.35 
10.96 - 3.64 3.64 3.71 3.92 3.96 3.57 3.51 2.53 2.03 1.36 
11.15 - 3.64 3.64 3.69 3.85 3.96 3.58 3.49 2.57 2.01 1.38 
11.35 - 3.64 3.62 3.67 3.78 3.96 3.58 3.48 2.60 1.99 1.42 
11.54 - 3.64 3.58 3.64 3.69 3.94 3.58 3.46 2.62 1.98 1.43 
11.73 - 3.64 3.55 3.60 3.60 3.92 3.57 3.44 2.64 1.98 1.45 
11.92 - 3.60 3.51 3.58 3.55 3.92 3.55 3.42 2.66 1.99 1.47 
12.12 - 3.57 3.48 3.57 3.51 3.94 3.53 3.39 2.67 2.01 1.47 
12.31 - 3.53 3.44 3.57 3.48 3.96 3.50 3.35 2.69 2.03 1.45 
12.50 - 3.53 3.44 3.57 3.48 3.98 3.45 3.32 2.73 1.99 1.42 
12.69 - 3.53 3.43 3.57 3.48 3.99 3.41 3.28 2.76 1.96 1.38 
12.88 - 3.53 3.41 3.58 3.50 4.01 3.38 3.24 2.78 1.96 1.35 
13.08 - 3.53 3.39 3.62 3.53 4.01 3.36 3.23 2.78 1.94 1.33 
13.27 - 3.53 3.37 3.67 3.57 4.01 3.34 3.21 2.78 1.92 1.30 
13.46 - 3.53 3.37 3.72 3.58 4.01 3.34 3.19 2.78 1.94 1.27 
13.65 - 3.53 3.39 3.78 3.64 3.99 3.33 3.17 2.78 1.98 1.26 
13.85 - 3.53 3.41 3.83 3.72 3.98 3.31 3.16 2.76 2.01 1.25 
14.04 - 3.53 3.41 3.88 3.78 3.98 3.29 3.14 2.75 2.05 - 
14.23 - 3.53 3.39 3.92 3.83 3.94 3.28 3.12 2.71 2.06 - 
14.42 - 3.51 3.37 3.95 3.86 3.94 3.28 3.10 2.67 2.08 - 
14.62 - 3.49 3.43 3.88 3.85 3.92 3.26 3.08 2.62 2.12 - 
14.81 - 3.44 3.50 3.81 3.83 3.90 3.21 3.07 2.57 2.15 - 
15.00 3.59 3.39 3.57 3.72 3.79 3.89 3.16 3.03 2.57 2.13 - 
15.19 3.57 3.33 3.62 3.65 3.76 3.89 3.09 3.01 2.58 2.10 - 
15.38 3.51 3.30 3.65 3.55 3.72 3.89 3.00 2.99 2.60 2.06 - 
15.58 3.46 3.26 3.62 3.44 3.69 3.87 2.93 3.01 2.62 2.03 - 
15.77 3.42 3.21 3.57 3.34 3.60 3.85 2.90 3.03 2.66 1.99 - 
15.96 3.39 3.14 3.51 3.25 3.48 3.83 2.88 3.05 2.71 1.96 - 
16.15 3.34 3.07 3.46 3.15 3.37 3.80 2.85 3.05 2.76 1.92 - 
16.35 3.27 2.99 3.43 3.04 3.27 3.74 2.81 3.05 2.83 1.90 - 
16.54 3.22 2.94 3.39 2.92 3.18 3.62 2.74 3.05 2.89 1.88 - 
16.73 3.18 2.91 3.23 2.90 3.15 3.51 2.68 3.05 2.94 1.87 - 
16.92 3.15 2.89 3.08 2.88 3.12 3.47 2.2 3.03 3.00 1.86 - 
17.12 3.12 2.87 2.94 2.88 3.08 3.42 2.57 3.06 3.03 - - 
17.31 3.08 2.83 2.80 2.86 3.02 3.36 2.52 3.07 3.04 - - 
17.50 3.08 2.82 2.71 2.86 2.95 3.28 2.51 3.09 3.05 - - 
17.69 3.08 2.80 2.69 2.86 - 3.20 2.49 3.05 3.07 - - 
17.88 - 2.78 2.67 2.85 - - 2.45 3.01 - - - 
18.08 - 2.79 2.64 - - - 2.40 - - - - 
18.27 - 2.79 2.60 - - - 2.36 - - - - 
18.46 - 2.80 - - - - - - - - - 
18.65 - 2.81 - - - - - - - - - 
43.08 - - 2.21 - - - - - - - - 
43.27 - - 2.17 - - - - - - - - 
43.46 - 1.99 2.14 - - - - - - - - 
43.65 - 2.02 2.12 - - - - - - - - 
43.85 - 2.03 2.12 - - - - - - - - 
44.04 - 2.05 2.12 - - - - - - - - 
44.23 - 2.06 2.08 - - - - - - - - 
44.42 - 2.03 2.05 - - - - - - - - 
44.62 - 2.01 2.01 - - - - - - - - 
44.81 - 2.00 1.98 - - - - - - - - 
45.00 - 1.98 1.96 - 2.05 - - - - - - 
45.19 - 1.98 1.97 - 2.09 - - - - - - 
45.38 - 1.98 1.98 - 2.12 - 2.12 - - - - 
45.58 1.86 1.96 1.99 2.40 2.14 - 2.12 - - 2.07 - 
45.77 1.87 1.94 2.00 2.42 2.14 - 2.12 - - 2.07 - 
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45.96 1.88 1.93 2.00 2.43 2.14 - 	 2.12 	- - 	 2.07 	- 
46.15 1.86 1.93 2.00 2.41 2.19 - 	 - 	 - - 	 2.07 - 
46.35 1.88 1.94 2.02 2.40 2.23 - 	 - 	 - - 	 - 	 - 
46.54 1.92 2.00 2.04 2.40 2.28 - 	 - 	 - - 	 - 	 - 
46.73 1.98 2.03 2.05 2.36 - - 	 - 	 - - 	 - 	 - 
46.92 2.03 2.07 2.05 2.31 - - 	 - 	 - - 	 - 	 - 
47.12 2.06 2.09 2.05 2.26 - - 	 - 	 - - 	 - 	 - 
47.31 2.10 2.10 2.04 2.19 - - 	 - 	 - - 	 - 	 - 
47.50 2.12 2.12 2.03 2.12 - - 	 - 	 1.70 - 	 - 	 - 
47.69 2.12 2.14 2.02 2.05 - - 	 - 	 1.70 - 	 - 	 - 
47.88 2.12 2.14 2.01 1.98 - - 	 - 	 1.70 - 	 - 	 - 
48.08 2.12 2.14 1.99 1.92 - - 	 - 	 - - 	 - 	 - 
48.27 2.13 2.12 1.99 1.88 - - 	 - 	 - - 	 - 	 - 
48.46 2.13 2.09 1.99 1.83 - - 	 - 	 - - 	 - 	 - 
48.65 2.12 2.05 1.98 1.79 - - 	 - 	 - - 	 - 	 - 
48.85 2.08 2.05 1.98 1.79 - - 	 - 	 - - 	 - 	 - 
49.04 2.03 2.05 1.98 1.81 2.05 2.29 - 	 - - 	 - 	 - 
49.23 1.98 2.05 1.98 1.83 2.03 2.30 	- 	 - - 	 - 	 - 
49.42 1.92 2.03 1.98 1.86 2.02 2.28 - 	 - - 	 - 	 - 
49.62 1.89 2.01 1.98 1.88 2.01 2.27 	1.73 - - 	 - 	 - 
49.81 1.87 2.00 1.98 1.89 2.00 2.25 1.62 	- - 	 - 	 - 
50.00 1.85 2.00 1.98 1.91 1.99 2.25 	1.62 - - 	 - 	 - 
50.19 1.84 2.00 1.96 1.92 1.98 2.33 1.62 	- - 	 - 	 - 
50.38 1.82 2.00 1.92 1.93 1.98 2.35 	1.62 - - 	 1.73 - 
50.58 1.80 2.00 1.89 1.95 1.96 2.35 1.62 	- - 	 1.73 	- 
50.77 1.78 2.00 1.87 1.97 1.98 2.32 	1.60 - - 	 1.73 - 
50.96 1.77 1.98 1.84 1.98 2.01 - 	 - 	 - - 	 1.73 	- 
51.15 1.78 1.96 1.82 1.98 2.05 - 	 - 	 - - 	 1.71 - 
51.35 1.80 1.94 1.80 1.98 2.08 - 	 - 	 - - 	 1.70 	- 
51.54 1.82 1.93 1.80 1.98 2.12 - 	 - 	 - - 	 1.68 - 
51.73 1.82 1.91 1.80 1.99 2.13 - 	 - 	 - - 	 1.67 	- 
51.92 1.84 1.89 1.80 2.01 2.13 - 	 - 	 - - 	 1.67 - 
52.12 1.85 1.89 1.80 2.03 2.13 - 	 - 	 - - 	 1.66 	- 
52.31 1.87 1.89 1.82 2.03 2.12 - 	 - 	 - - 	 1.65 - 
52.50 1.89 1.91 1.84 2.03 2.10 - 	 - 	 - - 	 1.63 	- 
52.69 1.91 1.93 1.85 2.01 2.10 - 	 - 	 - - 	 - 	 - 
52.88 1.92 1.93 1.87 1.99 2.10 - 	 - 	 - - 	 - 	 - 
53.08 1.94 1.93 1.89 1.99 2.10 - 	 - 	 - - 	 - 	 - 
53.27 1.94 1.93 1.91 1.99 2.10 - 	 - 	 - - 	 - 	 - 
53.46 1.94 1.94 1.92 1.99 2.10 - 	 - 	 - - 	 - 	 - 
53.65 1.94 1.96 1.92 1.98 2.10 - 	 - 	 - - 	 - 	 - 
53.85 1.96 1.98 1.92 1.96 2.12 - 	 - 	 - - 	 - 	 - 
54.04 1.96 2.00 1.92 1.94 2.12 - 	 - 	 - - 	 - 	 - 
54.23 1.96 2.00 1.92 1.92 2.13 - 	 - 	 - - 	 - 	 - 
54.42 1.96 2.00 1.92 1.92 2.16 - 	 - 	 - - 	 - 	 - 
54.62 1.96 1.98 1.92 1.92 2.19 - 	 - 	 - - 	 - 	 - 
54.81 1.94 1.96 1.92 1.92 2.23 - 	 - 	 - - 	 - 	 - 
55.00 1.92 1.96 1.92 1.92 2.24 - 	 - 	 - - 	 - 	 - 
55.19 1.92 1.96 1.92 1.92 - - 	 - 	 - - 	 - 	 - 
55.38 1.92 1.96 1.92 1.92 - - 	 - 	 - - 	 - 	 - 
55.58 1.91 1.94 1.92 1.92 - - 	 - 	 - - 	 - 	 - 
55.77 1.87 1.94 1.92 1.92 - - 	 - 	 - - 	 - 	 - 
55.96 1.84 1.94 1.92 1.92 - - 	 - 	 - - 	 - 	 - 
56.15 1.80 1.94 1.92 1.92 - - 	 - 	 - - 	 - 	 - 
56.35 1.77 1.93 1.92 1.92 - - 	 - 	 - - 	 - 	 - 
56.54 1.75 1.93 1.92 1.91 - - 	 - 	 - - 	 - 	 - 
56.73 1.73 - - 1.90 - - 	 - 	 - - 	 - 	 - 
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56.92 	1.71 	- 	 - 1.89 	- 	 - 	 - 	 - 	 - 	 - 	 - 
57.12 1.68 - 	 - 1.87 - 	 - 	 - 	 - 	 - 	 - 	 - 
57.31 	1.63 	- 	 - 1.85 	- 	 - 	 - 	 - 	 - 	 - 	 - 
57.50 - 	 - 	 - 1.84 - 	 - 	 - 	 - 	 - 	 - 	 - 
57.69 	- 	 - 	 - 1.82 	- 	 - 	 - 	 - 	 - 	 - 	 - 
57.88 - 	 - 	 - 1.80 - 	 - 	 - 	 - 	 - 	 - 	 - 
58.08 	- 	 - 	 - 1.78 	- 	 - 	 - 	 - 	 - 	 - 	 - 
58.27 - 	 - 	 - 1.77 - 	 - 	 - 	 - 	 - 	 - 	 - 
58.46 	- 	 - 	 - 1.76 	- 	 - 	 - 	 - 	 - 	 - 	 - 
58.65 - 	 - 	 - 1.75 - 	 - 	 - 	 - 	 - 	 - 	 - 
58.85 	- 	 - 	 - 1.74 	- 	 - 	 - 	 - 	 - 	 - 	 - 
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Clot thickness (mm) 
0.19 3.75 3.97 3.24 4.01 3.75 2.93 - 5.10 5.06 1.92 0.87 0.77 
0.38 3.71 3.96 3.19 3.90 3.71 3.04 - 5.05 5.00 1.98 0.85 0.74 
0.58 3.68 3.94 3.17 3.80 3.68 3.09 - 5.02 4.93 2.02 0.84 0.72 
0.77 3.65 3.93 3.16 3.72 3.65 3.13 - 5.00 4.87 2.05 0.81 0.71 
0.96 3.63 3.94 3.15 3.65 3.63 3.16 - 4.98 4.81 2.08 0.79 0.69 
1.15 3.60 3.95 3.15 3.58 3.64 3.19 7.72 4.95 4.72 2.10 0.77 0.68 
1.35 3.48 3.90 3.02 3.46 3.57 3.35 7.77 4.83 4.44 2.13 0.66 0.56 
1.54 3.36 3.95 3.01 3.34 3.60 3.46 7.81 4.81 4.32 2.29 0.72 0.58 
1.73 3.36 3.99 3.02 3.36 3.65 3.53 7.84 4.77 4.21 2.43 0.75 0.59 
1.92 3.37 3.99 3.04 3.39 3.67 3.58 7.87 4.67 4.13 2.41 0.80 0.63 
2.12 3.41 3.99 3.08 3.41 3.67 3.64 7.88 4.56 4.04 2.41 0.84 0.65 
2.31 3.41 3.97 3.13 3.43 3.67 3.67 7.94 4.46 3.97 2.43 0.84 0.66 
2.50 3.41 3.97 3.18 3.44 3.69 3.71 7.99 4.35 3.92 2.47 0.84 0.68 
2.69 3.41 3.83 3.18 3.46 3.71 3.74 8.01 4.23 3.78 2.50 0.84 0.70 
2.88 3.44 3.69 3.20 3.43 3.72 3.78 8.01 4.11 3.64 2.55 0.93 0.72 
3.08 3.48 3.60 3.20 3.39 3.72 3.81 7.99 3.99 3.53 2.62 1.05 0.73 
3.27 3.53 3.53 3.20 3.44 3.71 3.86 7.97 3.88 3.46 2.69 1.17 0.75 
3.46 3.57 3.48 3.20 3.43 3.65 3.92 7.95 3.78 3.46 2.78 1.26 0.75 
3.65 3.60 3.43 3.20 3.41 3.60 3.93 7.94 3.67 3.43 2.87 1.29 0.73 
3.85 3.62 3.36 3.20 3.37 3.55 3.92 7.92 3.58 3.37 2.95 1.26 0.72 
4.04 3.64 3.27 3.22 3.34 3.51 3.90 7.90 3.57 3.30 3.06 1.22 0.70 
4.23 3.64 3.18 3.20 3.32 3.48 3.86 7.88 3.55 3.22 3.16 1.21 0.68 
4.42 3.60 3.11 3.16 3.30 3.46 3.85 7.87 3.44 3.11 3.27 1.28 0.68 
4.62 3.57 3.06 3.13 3.25 3.44 3.85 7.85 3.34 3.01 3.37 1.35 0.68 
4.81 3.57 3.18 3.13 3.18 3.43 3.86 7.85 3.25 2.99 3.48 1.42 0.72 
5.00 3.53 3.30 3.11 3.16 3.41 3.86 7.87 3.16 2.95 3.57 1.43 0.75 
5.19 3.50 3.36 3.11 3.15 3.41 3.86 7.87 3.08 2.88 3.64 1.42 0.79 
5.38 3.46 3.30 3.09 3.06 3.37 3.81 7.85 3.01 2.81 3.71 1.40 0.80 
5.58 3.44 3.23 3.08 2.99 3.36 3.74 7.83 2.95 2.74 3.76 1.40 0.82 
5.77 3.44 3.16 3.06 2.92 3.32 3.67 7.81 2.90 2.67 3.79 1.40 0.84 
iOU 
























6.15 3.44 3.29 3.04 2.73 3.18 3.51 7.76 2.83 2.60 3.69 1.52 0.89 
6.35 3.43 3.46 3.01 2.62 3.11 3.43 7.71 2.83 2.57 3.55 1.57 0.93 
6.54 3.41 3.64 2.97 2.53 3.02 3.32 7.69 2.94 2.53 3.41 1.56 0.93 
6.73 3.39 3.81 2.94 2.52 2.94 3.20 7.67 3.04 2.48 3.27 1.54 0.93 
6.92 3.34 3.95 2.90 2.53 2.85 3.11 7.64 3.09 2.45 3.04 1.52 0.91 
7.12 3.29 4.09 2.87 2.55 2.76 3.06 7.61 3.02 2.38 2.81 1.49 0.89 
7.31 3.23 4.23 2.83 2.57 2.67 3.01 7.60 2.95 2.33 2.60 1.45 0.87 
7.50 3.22 4.44 2.81 2.59 2.64 3.01 - 2.90 2.33 2.40 1.42 0.87 
7.69 3.22 4.65 2.80 2.57 2.60 3.02 - 2.87 2.33 2.19 1.36 0.87 
7.88 3.20 4.86 2.78 2.53 2.59 3.08 - 2.83 2.33 1.96 1.33 0.87 
8.08 3.18 5.03 2.73 2.53 2.62 3.15 - 2.78 2.29 1.75 1.29 0.89 
8.27 3.15 4.90 2.67 2.53 2.66 3.23 - 2.71 2.26 1.66 1.28 0.89 
8.46 3.13 4.74 2.64 2.50 2.67 3.32 - 2.62 2.26 1.57 1.26 0.91 
8.65 3.13 4.58 2.60 2.45 2.71 3.39 - 2.52 2.26 1.49 1.24 0.94 
8.85 3.11 4.41 2.59 2.36 2.71 3.46 - 2.29 2.27 1.40 1.21 0.98 
9.04 3.09 4.18 2.57 2.24 2.69 3.51 - 2.10 2.29 1.38 1.17 0.98 
9.23 3.08 3.90 2.55 2.08 2.64 3.55 - 2.05 2.36 1.36 1.12 0.98 
9.42 3.04 3.51 2.52 1.91 2.50 3.57 - 1.99 2.33 1.33 1.07 0.98 
9.62 2.81 3.15 2.36 1.73 2.33 3.32 - 1.89 2.20 1.28 1.01 0.96 
9.81 2.57 2.76 2.19 1.57 2.15 3.08 - 1.73 2.08 1.22 0.98 0.96 
10.00 2.33 2.38 2.01 1.43 1.98 2.81 - 1.57 1.94 1.17 0.94 0.96 
10.19 2.06 2.01 1.85 1.28 1.78 2.55 - 1.42 1.80 1.12 0.91 0.94 
10.38 1.82 1.78 1.70 1.14 1.57 2.29 - 1.24 1.68 1.07 0.87 0.91 
10.58 1.59 1.54 1.54 1.03 1.38 2.01 - 1.05 1.52 1.00 0.84 0.86 
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10.77 1.40 1.29 1.38 0.91 1.19 1.75 - 0.87 1.36 0.93 0.79 0.80 
10.96 1.21 1.05 1.21 0.80 1.01 1.49 - 0.82 1.21 0.86 0.75 0.73 
11.15 1.01 0.86 1.01 0.72 0.86 1.21 - 0.77 1.01 0.79 0.72 0.70 
11.35 0.82 0.72 0.84 0.68 0.72 0.91 - 0.70 0.82 0.72 0.70 0.66 
11.54 0.65 0.68 0.68 0.66 0.66 0.63 - 0.63 0.73 0.65 0.68 0.61 
11.73 0.63 0.63 0.65 0.65 0.63 0.59 - 0.58 0.70 0.59 0.66 0.58 
11.92 0.59 0.59 0.63 0.63 0.59 0.58 - 0.54 0.65 0.54 0.65 0.54 
12.12 0.56 0.56 0.61 0.61 0.56 0.56 - 0.51 0.59 0.51 0.63 0.51 
12.31 0.54 0.52 0.59 0.59 0.52 0.65 - 0.47 0.56 0.47 0.61 0.47 
12.50 0.52 0.49 0.58 0.58 0.49 0.73 - 0.44 0.51 0.45 0.59 0.45 
12.69 0.51 0.47 0.54 0.56 0.47 0.84 - 0.42 0.47 0.45 0.58 0.44 
12.88 0.61 0.45 0.52 0.56 0.45 0.94 - 0.40 0.44 0.45 0.58 0.42 
13.08 0.73 0.58 0.51 0.56 0.45 1.05 - 0.38 0.40 0.44 0.58 0.42 
13.27 0.86 0.70 0.51 0.58 0.45 1.15 - 0.38 0.40 0.44 0.58 0.40 
13.46 0.98 0.82 0.51 0.58 0.47 1.17 - 0.38 0.40 0.44 0.58 0.38 
13.65 1.10 0.94 0.51 0.58 0.49 1.19 - 0.40 0.41 0.44 0.56 0.38 
13.85 1.22 1.08 0.51 0.56 0.51 1.21 - 0.42 0.38 0.45 0.54 0.38 
14.04 1.36 1.22 0.51 0.54 0.52 1.21 - 0.44 0.38 0.47 0.52 0.38 
14.23 1.40 1.24 0.51 0.52 0.54 1.21 - 0.45 0.38 0.49 0.52 0.38 
14.42 1.43 1.26 0.51 0.51 0.56 1.10 - 0.47 - 0.49 0.52 0.38 
14.62 1.45 1.28 0.51 0.49 0.58 1.00 - 0.49 - 0.47 0.52 - 
14.81 1.47 1.29 0.52 0.47 0.58 0.89 - 0.51 - 0.45 0.52 - 
15.00 1.35 1.31 0.54 0.47 0.58 0.79 - 0.52 - 0.44 0.52 - 
15.19 1.22 1.22 0.56 0.47 0.58 0.68 - 0.54 - 0.44 0.52 - 
15.38 1.10 1.15 0.58 0.47 0.58 0.58 - 0.56 - 0.44 0.52 - 
15.58 1.07 1.12 0.56 0.47 0.56 0.59 - 0.59 - 0.45 0.54 - 
15.77 1.05 1.10 0.54 0.47 0.54 0.61 - 0.61 - 0.49 0.58 - 
15.96 1.03 1.08 0.52 0.49 0.54 0.63 - 0.63 - 0.51 0.61 - 
16.15 1.01 1.07 0.51 0.51 0.63 0.63 - 0.65 - 0.52 0.65 - 
16.35 1.10 1.17 0.49 0.52 0.73 0.63 - 0.65 - 0.54 0.66 - 
16.54 1.19 1.28 0.49 0.54 0.84 0.63 - 0.65 - 0.58 0.66 - 
16.73 1.28 1.40 0.49 0.56 0.94 0.63 - 0.65 - 0.59 0.66 - 
16.92 1.38 1.52 0.49 0.58 1.05 0.63 - 0.65 - 0.61 0.66 - 
17.12 1.49 1.64 0.47 0.58 1.14 0.63 - 0.65 - 0.65 0.66 - 
17.31 1.59 1.72 0.45 0.58 1.14 0.63 - 0.65 - 0.68 0.66 - 
17.50 1.68 1.77 0.45 0.59 1.14 0.63 - 0.65 - 0.72 0.66 - 
17.69 1.59 1.68 0.47 0.61 1.15 0.61 - 0.63 - 0.73 0.65 - 
17.88 1.49 1.57 0.49 0.62 1.17 0.59 - 0.62 - 0.73 0.63 - 
18.08 1.38 1.47 0.50 0.62 1.17 0.58 5.51 0.60 - 0.73 0.61 - 
18.27 1.35 1.44 0.51 0.63 1.13 0.58 5.55 0.58 - 0.73 0.59 - 
18.46 1.30 1.41 0.53 0.63 1.07 0.58 5.55 0.58 - 0.73 0.58 - 
18.65 1.25 1.37 0.52 0.64 0.99 0.58 5.56 0.58 - 0.72 0.58 - 
18.85 1.21 1.29 0.51 - 0.88 0.58 5.56 - - 0.74 0.58 - 
19.04 1.12 1.19 - - 0.74 0.58 5.54 - - 0.77 0.58 - 
19.23 - - - - - - 5.56 - - - 0.58 - 
19.42 - - - - - - 5.54 - - - 0.58 - 
19.62 - - - - - - 5.54 - - - 0.58 - 
19.81 - - - - - - 5.53 - - - 0.58 - 
20.00 - - - - - - 5.53 - - - 0.58 - 
20.19 - - - - - - 5.49 - - - 0.58 - 
20.38 - - - - - - 5.45 - - - 0.58 - 
20.58 - - - - - - - - - - 0.58 - 
20.77 - - - - - - - - - - 0.58 - 
20.96 - - - - - - - - - - 0.58 - 
21.15 1.47 - - - - - - - - - 0.56 - 
21.35 1.48 - - - - - - - - - 0.54 - 
21.54 1.54 1.28 - - - - - - - - 0.54 - 
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21.73 1.58 1.32 - - - - - 1.58 - - 	 0.54 	- 
21.92 1.62 1.35 1.51 - - - - 1.59 - - 	 0.54 - 
22.12 1.63 1.39 1.51 - - 1.58 - 1.60 - - 	 0.54 	- 
22.31 1.64 1.42 1.51 - - 1.58 - 1.61 - - 	 0.54 - 
22.50 1.57 1.43 1.52 - - 1.58 - 1.63 - - 	 0.54 	- 
22.69 1.49 1.47 1.52 - 1.96 1.58 - 1.63 - - 	 0.56 - 
22.88 1.40 1.47 1.52 - 1.99 1.58 - 1.62 - - 	 0.58 	- 
23.08 1.31 1.40 1.54 - 2.02 - - 1.62 - - 	 0.59 - 
23.27 1.22 1.33 1.56 - 2.05 - - 1.63 - - 	 0.63 	- 
23.46 1.14 1.35 1.57 - 2.08 - - 1.66 - - 	 0.65 - 
23.65 1.01 1.36 1.59 - 2.12 - - 1.71 - - 	 0.65 	- 
23.85 0.89 1.36 1.61 - 2.17 - - 1.75 - - 	 0.65 - 
24.04 0.77 1.36 1.63 - 2.24 - - 1.76 - - 	 0.65 	- 
24.23 0.68 1.35 1.64 - 2.31 - - 1.75 - - 	 0.65 - 
24.42 0.59 1.29 1.64 - 2.40 - - 1.71 - - 	 0.65 	- 
24.62 0.59 1.26 1.73 - 2.48 - - 1.68 - - 	 0.63 - 
24.81 0.59 1.24 1.84 - 2.55 - - 1.77 - - 	 0.59 	- 
25.00 0.59 1.31 1.94 1.44 2.60 - - 1.89 - - 	 0.58 - 
25.19 0.58 1.45 2.05 1.46 2.64 - - 1.98 - - 	 0.56 	- 
25.38 0.56 1.58 2.13 1.47 2.66 - - 2.01 - - 	 0.52 - 
25.58 0.56 1.61 2.20 1.47 2.63 2.47 - 2.05 - - 	 0.52 	- 
25.77 0.56 1.63 2.26 1.49 2.60 2.47 - 2.05 - - 	 0.52 - 
25.96 0.58 1.66 2.29 1.52 2.58 2.38 - 2.05 - - 	 0.52 	- 
26.15 0.58 1.77 2.31 1.55 2.55 2.35 - 2.06 - - 	 0.52 - 
26.35 0.56 1.89 2.34 1.59 2.52 2.33 - 2.10 - - 	 0.52 	- 
26.54 0.56 2.03 2.40 1.66 2.45 2.31 - 2.17 - - 	 0.52 - 
26.73 0.56 2.17 2.38 1.78 2.36 2.33 - 2.24 - - 	 0.54 	- 
26.92 0.56 2.31 2.36 1.91 2.29 2.31 - 2.20 - - 	 0.54 - 
27.12 0.58 2.36 2.36 2.03 2.24 2.27 - 2.17 - - 	 0.52 	- 
27.31 0.59 2.40 2.36 2.15 2.19 2.24 - 2.18 - - 	 0.52 - 
27.50 0.61 2.44 2.36 2.26 2.19 2.24 - 2.23 - - 	 0.54 	- 
27.69 0.59 2.50 2.34 2.33 2.22 2.24 - 2.26 - - 	 0.54 - 
27.88 0.58 2.55 2.34 2.38 2.27 2.26 - 2.32 - - 	 0.54 	- 
28.08 0.66 2.59 2.34 2.42 2.29 2.34 - 2.37 - - 	 0.54 - 
28.27 0.79 2.55 2.36 2.42 2.31 2.40 - 2.42 - - 	 0.54 	- 
28.46 0.91 2.50 2.36 2.42 2.33 2.41 - 2.51 - - 	 0.56 - 
28.65 1.03 2.47 2.36 2.42 2.33 2.41 - 2.58 - - 	 0.58 	- 
28.85 1.15 2.47 2.36 2.37 2.34 2.36 - 2.58 - - 	 0.58 - 
29.04 1.29 2.47 2.36 2.33 2.38 2.29 - 2.57 - - 	 0.59 	- 
29.23 1.43 2.45 2.34 2.27 2.43 2.22 - 2.54 - - 	 0.61 - 
29.42 1.59 2.45 2.33 2.23 2.48 2.13 - 2.50 - - 	 0.61 	- 
29.62 1.75 2.43 2.31 2.21 2.50 2.06 - 2.48 - - 	 0.61 - 
29.81 1.92 2.41 2.33 2.23 2.52 2.03 - 2.48 - - 	 0.61 	- 
30.00 2.10 2.41 2.36 2.26 2.48 2.03 - 2.50 - - 	 0.61 - 
30.19 2.15 2.41 2.41 2.31 2.47 2.03 - 2.52 - - 	 0.61 	- 
30.38 2.19 2.41 2.47 2.38 2.45 2.03 - 2.53 - - 	 0.61 - 
30.58 2.24 2.41 2.52 2.44 2.45 2.06 - 2.52 - - 	 0.59 	- 
30.77 2.29 2.41 2.57 2.48 2.50 2.10 - 2.50 - - 	 0.56 - 
30.96 2.36 2.38 2.60 2.51 2.55 2.19 2.34 2.55 - - 	 0.56 	- 
31.15 2.41 2.36 2.62 2.53 2.57 2.31 2.36 2.60 - - 	 0.56 - 
31.35 2.45 2.38 2.64 2.57 2.57 2.45 2.38 2.66 - - 	 0.56 	- 
31.54 2.50 2.40 2.66 2.60 2.60 2.57 2.41 2.71 - - 	 0.56 - 
31.73 2.55 2.43 2.67 2.62 2.64 2.69 2.44 2.73 2.12 - 	 0.56 	- 
31.92 2.60 2.47 2.69 2.67 2.67 2.76 2.47 2.74 2.23 - 	 0.56 - 
32.12 2.66 2.52 2.71 2.71 2.74 2.80 2.55 2.74 2.31 - 	 0.56 	- 
32.31 2.71 2.57 2.74 2.74 2.81 2.83 2.64 2.76 2.39 - 	 0.58 - 
32.50 2.76 2.62 2.78 2.78 2.88 2.87 2.69 2.80 2.46 - 	 0.58 	- 
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Clot thickness (mm) 
32.69 2.81 2.67 2.81 2.81 2.94 2.90 2.74 2.83 2.52 - 0.58 	- 
32.88 2.87 2.74 2.83 2.87 2.97 2.95 2.80 2.87 2.60 - 0.61 - 
33.08 2.90 2.81 2.85 2.90 3.01 3.01 2.85 2.88 2.69 - 0.63 	- 
33.27 2.94 2.87 2.87 2.94 3.04 3.02 2.88 2.90 2.76 3.01 0.65 - 
33.46 2.97 2.90 2.88 2.95 3.08 3.02 2.92 2.92 2.83 2.97 0.66 	- 
33.65 2.99 2.94 2.90 2.95 3.08 3.01 2.94 2.94 2.69 2.67 0.66 - 
33.85 3.01 2.97 2.92 2.95 3.08 2.94 2.94 2.95 2.53 2.44 0.66 	- 
34.04 3.02 3.02 2.92 2.87 3.08 2.92 2.94 2.96 2.31 2.25 0.66 - 
34.23 3.04 3.06 2.83 2.76 3.08 2.91 2.92 2.97 2.08 2.10 0.65 	- 
34.42 3.02 3.08 2.71 2.66 3.08 2.88 2.90 2.96 1.84 1.89 0.63 - 
34.62 3.01 3.08 2.67 2.62 3.07 2.86 2.88 2.94 1.59 1.68 0.63 	- 
34.81 2.97 3.08 2.63 2.56 3.06 2.82 2.86 2.92 1.35 1.45 0.63 - 
35.00 2.94 3.06 2.60 2.50 3.05 - 2.83 - 1.10 1.22 0.61 	- 
35.19 2.90 3.02 2.55 2.45 3.02 - 2.79 - 0.87 1.00 0.59 - 
35.38 2.87 2.99 2.50 2.37 3.00 - - - 0.66 0.77 0.59 	- 
35.58 2.83 2.97 - - 2.97 - - - 0.47 0.59 0.59 - 
35.77 2.60 2.95 - - 2.93 - - - 0.49 0.61 0.61 	- 
35.96 2.38 2.93 - - 2.89 - - - 0.52 0.65 0.65 - 
36.15 2.15 2.87 - - 2.84 - - - 0.56 0.68 0.68 	- 
36.35 1.92 2.80 - - 2.79 - - - 0.59 0.72 0.72 - 
36.54 1.91 2.76 - - 2.75 - - - 0.61 0.73 0.73 	- 
36.73 1.92 2.74 - - 2.72 - - - 0.63 0.75 0.75 - 
36.92 1.94 2.74 - - 2.70 - - - 0.65 0.75 0.77 	- 
37.12 1.96 2.76 - - 2.68 - - - 0.66 0.75 0.86 - 
37.31 1.99 2.80 - - 2.67 - 2.85 - 0.66 0.77 0.94 	- 
37.50 2.03 2.83 - 3.14 2.59 - 2.85 2.40 0.77 0.86 1.03 - 
37.69 2.05 2.83 - 3.13 2.51 - 2.85 2.31 0.86 0.94 1.12 	- 
37.88 2.17 2.74 2.66 3.10 2.45 - 2.85 2.24 0.94 1.03 1.21 - 
38.08 2.29 2.67 2.55 2.95 2.38 1.79 2.85 2.18 1.03 1.10 1.28 	- 
38.27 2.41 2.60 2.48 2.85 2.33 1.81 - 2.13 1.14 1.17 1.36 - 
38.46 2.53 2.53 2.41 2.76 2.27 1.83 - 2.10 1.24 1.26 1.47 	- 
38.65 2.48 2.47 2.37 2.64 2.20 1.86 - 2.01 1.36 1.36 1.57 - 
38.85 2.40 2.40 2.33 2.52 2.13 1.88 - 1.94 1.49 1.47 1.68 	- 
39.04 2.33 2.31 2.24 2.41 2.06 1.91 - 1.87 1.61 1.59 1.78 - 
39.23 2.26 2.20 2.15 2.31 1.99 1.91 - 1.84 1.73 1.71 1.82 	- 
39.42 2.19 2.12 2.06 2.20 1.92 1.91 - 1.92 1.85 1.82 1.85 - 
39.62 2.12 2.03 2.05 2.19 1.92 1.92 - 2.01 1.96 1.85 1.87 	- 
39.81 2.20 2.17 2.08 2.19 2.03 2.15 - 2.12 2.10 2.08 1.88 - 
40.00 2.38 2.40 2.34 2.20 2.24 2.43 - 2.24 2.26 2.33 1.87 	- 
40.19 2.57 2.67 2.80 2.45 2.50 2.73 - 2.50 2.47 2.48 1.85 - 
40.38 2.88 3.15 3.27 2.74 2.69 3.01 - 2.69 2.69 2.69 1.81 	- 
40.58 3.11 3.55 3.74 3.08 2.90 3.22 - 2.92 2.92 2.92 1.75 - 
40.77 3.32 3.93 4.13 3.41 3.11 3.41 - 3.13 3.15 3.16 1.68 	- 
40.96 3.53 4.30 4.51 3.64 3.30 3.60 - 3.32 3.36 3.41 1.60 - 
41.15 3.71 4.65 4.88 3.82 3.46 3.76 - 3.50 3.23 3.62 1.50 	- 
41.35 3.88 5.00 5.23 3.95 3.61 3.90 - 3.65 3.13 3.51 1.40 - 
41.54 3.90 5.16 5.24 4.03 3.74 4.04 - 3.71 3.02 3.41 1.29 	- 
41.73 3.93 5.14 5.31 3.98 3.86 4.18 - 3.74 2.85 3.30 1.19 - 
41.92 3.90 4.93 5.35 3.91 3.93 4.13 - 3.76 2.64 3.08 1.11 	- 
42.12 3.90 4.84 5.26 3.84 3.92 4.00 - 3.74 2.55 2.87 1.05 - 
42.31 3.88 4.72 4.98 3.78 3.85 3.86 - 3.58 2.47 2.74 1.00 	- 
42.50 3.74 4.42 4.70 3.68 3.86 3.72 - 3.51 2.36 2.59 0.96 - 
42.69 3.69 4.21 4.42 3.56 3.86 3.65 - 3.44 2.26 2.41 0.94 	- 
42.88 3.65 4.00 4.21 3.44 3.85 3.58 - 3.37 2.17 2.22 0.94 - 
43.08 3.62 3.81 4.00 3.40 3.83 3.51 - 3.32 2.10 2.03 0.96 	- 
43.27 3.60 3.64 3.81 3.41 3.85 3.48 - 3.30 2.36 1.89 1.00 - 
43.46 3.58 3.46 3.64 3.47 3.86 3.48 - 3.30 2.60 2.08 1.07 	- 
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43.65 3.71 3.46 3.79 3.58 3.88 3.48 - 	 3.34 2.85 2.31 1.15 	- 
43.85 3.83 3.64 3.85 3.76 3.92 3.46 - 	 3.41 3.08 2.53 1.26 - 
44.04 3.88 3.81 3.90 3.93 3.92 3.43 - 	 3.51 3.30 2.67 1.36 	- 
44.23 3.90 3.86 3.95 4.11 3.90 3.43 - 	 3.67 3.39 2.76 1.47 - 
44.42 3.93 3.92 3.99 4.16 3.88 3.43 - 	 3.83 3.43 2.85 1.57 	- 
44.62 3.97 3.95 4.00 4.21 3.85 3.43 - 	 3.97 3.46 2.92 1.70 - 
44.81 4.00 3.99 4.00 4.25 3.83 3.44 - 	 4.07 3.51 2.97 1.80 	- 
45.00 4.04 4.04 4.02 4.28 3.86 3.50 - 	 4.16 3.58 3.02 1.91 - 
45.19 4.09 4.09 4.06 4.34 3.95 3.58 - 	 4.25 3.65 3.11 2.03 	- 
45.38 4.14 4.14 4.09 4.37 4.04 3.69 - 	 4.34 3.72 3.22 2.13 - 
45.58 4.21 4.20 4.13 4.41 4.14 3.79 - 	 4.44 3.79 3.30 2.24 	- 
45.77 4.34 4.27 4.16 4.44 4.25 3.88 - 	 4.56 3.86 3.34 2.33 - 
45.96 4.44 4.37 4.18 4.46 4.35 4.00 - 	 4.67 3.93 3.37 2.40 	- 
46.15 4.46 4.46 4.20 4.48 4.44 4.11 - 	 4.74 3.97 3.39 2.45 - 
46.35 4.48 4.51 4.20 4.49 4.53 4.20 - 	 4.77 4.00 3.39 2.50 	- 
46.54 4.49 4.53 4.20 4.49 4.60 4.28 - 	 4.81 4.04 3.39 2.57 - 
46.73 4.51 4.53 4.20 4.49 4.67 4.37 - 	 4.84 4.06 3.41 2.62 	- 
46.92 4.60 4.53 4.21 4.49 4.70 4.42 - 	 4.88 4.07 3.44 2.66 - 
47.12 4.70 4.49 4.23 4.48 4.81 4.44 - 	 4.93 4.07 3.48 2.69 	- 
47.31 4.81 4.46 4.23 4.46 4.90 4.42 - 	 4.98 4.07 3.50 2.64 - 
47.50 4.91 4.42 4.23 4.48 4.98 4.39 - 	 5.03 4.07 3.48 2.60 	- 
47.69 4.98 4.39 4.21 4.49 5.09 4.35 - 	 5.07 4.07 3.46 2.55 - 
47.88 4.88 4.34 4.20 4.49 5.19 4.32 - 	 4.98 4.07 3.44 2.52 	- 
48.08 4.77 4.25 4.20 4.48 5.30 4.27 - 	 4.90 4.07 3.43 2.52 - 
48.27 4.77 4.16 4.20 4.46 5.40 4.25 - 	 4.83 4.11 3.41 2.52 	- 
48.46 4.79 4.11 4.18 4.42 5.51 4.23 - 	 4.74 4.14 3.43 2.55 - 
48.65 4.79 4.07 4.14 4.37 5.63 4.21 - 	 4.56 4.18 3.44 2.57 	- 
48.85 4.74 4.04 4.11 4.30 5.75 4.20 - 	 4.39 4.20 3.46 2.55 - 
49.04 4.62 4.00 4.07 4.23 5.70 4.20 - 	 4.23 4.18 3.46 2.53 	- 
49.23 4.48 3.99 4.04 4.18 5.54 4.20 - 	 4.13 4.14 3.43 2.52 - 
49.42 4.32 3.99 4.00 4.13 5.35 4.20 - 	 4.02 4.11 3.37 2.55 	- 
49.62 4.18 3.99 3.95 4.06 5.12 4.07 - 	 3.90 4.07 3.36 2.55 - 
49.81 4.06 3.99 3.88 3.99 4.86 3.95 - 	 3.78 4.04 3.36 2.55 	- 
50.00 4.06 3.99 3.83 3.90 4.60 3.85 - 	 3.76 3.99 3.37 2.53 - 
50.19 4.06 4.00 3.76 3.83 4.34 3.76 - 	 3.76 3.86 3.39 2.36 	- 
50.38 4.06 4.02 3.69 3.76 4.11 3.69 - 	 3.76 3.72 3.41 2.19 - 
50.58 4.04 4.04 3.71 3.71 3.88 3.64 - 	 3.78 3.58 3.43 1.98 	- 
50.77 4.02 4.06 3.74 3.71 3.69 3.58 - 	 3.88 3.46 3.44 1.77 - 
50.96 4.04 4.09 3.79 3.71 3.50 3.53 - 	 3.99 3.43 3.44 1.59 	- 
51.15 4.04 4.13 3.85 3.71 3.50 3.50 - 	 4.07 3.41 3.44 1.43 - 
51.35 4.04 4.14 3.88 3.71 3.50 3.48 - 	 4.13 3.39 3.48 1.28 	- 
51.54 4.04 4.13 3.88 3.71 3.51 3.46 - 	 4.20 3.37 3.48 1.14 - 
51.73 4.00 4.11 3.90 3.71 3.57 3.57 - 	 4.28 3.36 3.43 1.01 	- 
51.92 3.97 4.09 3.97 3.71 3.64 3.67 - 	 4.37 3.46 3.34 0.89 - 
52.12 3.95 4.07 4.02 3.76 3.71 3.76 - 	 4.39 3.58 3.25 0.77 	- 
52.31 3.97 4.04 4.07 3.81 3.78 3.76 - 	 4.37 3.78 3.18 0.77 - 
52.50 3.97 4.00 4.13 3.86 3.81 3.72 - 	 4.35 3.99 3.13 0.77 	- 
52.69 3.93 3.97 4.11 3.92 3.85 3.67 - 	 4.32 4.21 3.08 0.75 - 
52.88 3.90 3.95 4.11 3.93 3.85 3.62 - 	 4.28 4.42 3.04 0.73 	- 
53.08 3.88 3.95 4.09 3.95 3.85 3.62 - 	 4.25 4.58 3.01 0.72 - 
53.27 3.88 3.95 4.06 3.97 3.85 3.60 - 	 4.21 4.74 2.97 0.70 	- 
53.46 3.88 3.95 4.04 3.97 3.78 3.57 - 	 4.16 4.88 2.73 0.70 - 
53.65 3.88 3.97 4.04 3.95 3.71 3.53 - 	 4.06 5.02 2.50 0.70 	- 
53.85 3.88 3.97 4.04 3.92 3.60 3.48 - 	 3.93 5.16 2.29 0.68 - 
54.04 3.86 3.97 4.02 3.88 3.48 3.43 - 	 3.79 5.17 2.10 0.66 	- 
54.23 3.81 3.97 3.99 3.81 3.36 3.37 - 	 3.71 5.17 1.92 0.84 - 
54.42 3.71 3.97 3.85 3.74 3.23 3.37 - 	 3.65 5.17 1.73 1.01 	- 
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54.62 3.58 3.86 3.71 3.67 3.20 3.37 - 3.60 5.17 1.54 1.19 	- 
54.81 3.50 3.76 3.62 3.60 3.16 3.39 - 3.57 5.16 1.52 1.38 - 
55.00 3.39 3.64 3.51 3.55 3.13 3.41 - 3.51 5.14 1.49 1.57 	- 
55.19 3.29 3.51 3.43 3.50 3.09 3.37 - 3.46 5.10 1.45 1.78 - 
55.38 3.18 3.39 3.36 3.44 3.06 3.32 - 3.41 4.90 1.22 1.99 	- 
55.58 3.09 3.30 3.25 3.38 3.06 3.27 - 3.32 4.70 1.21 2.19 - 
55.77 3.02 3.23 3.16 3.34 3.06 3.21 - 3.27 4.51 1.21 2.36 	- 
55.96 2.99 3.20 3.08 3.30 3.10 3.16 - 3.22 4.34 1.21 2.55 - 
56.15 2.97 3.16 2.99 3.26 3.19 3.09 - 3.17 4.16 1.21 2.74 	- 
56.35 2.97 3.11 2.92 3.23 3.30 3.04 - 3.13 3.99 1.19 2.74 - 
56.54 2.95 3.04 2.95 3.21 - 3.00 - 3.06 3.78 1.17 2.73 	- 
56.73 2.94 3.06 2.97 3.19 - 2.95 - 3.00 3.57 1.35 2.55 - 
56.92 2.90 3.07 2.94 3.17 - 2.87 - 2.93 3.34 1.35 2.38 	- 
57.12 2.88 3.06 2.90 3.14 - 2.78 - 2.88 3.11 1.40 2.20 - 
57.31 2.87 3.02 2.85 3.10 - 2.71 - 2.82 2.88 1.45 1.99 	- 
57.50 2.83 2.97 2.80 3.04 - 2.67 - 2.77 2.85 1.70 1.78 - 
57.69 2.76 2.90 2.76 2.95 - 2.64 - 2.74 2.81 1.89 1.56 	- 
57.88 2.67 2.81 2.74 2.84 - 2.61 - 2.51 2.76 1.91 1.36 - 
58.08 2.56 2.81 2.73 2.69 - 2.58 2.50 2.29 2.52 1.91 1.17 	- 
58.27 2.44 2.76 2.73 2.51 - 2.55 2.45 2.08 2.27 1.91 1.00 - 
58.46 2.32 2.67 2.76 2.30 - 2.52 2.45 1.90 2.05 1.91 0.94 	- 
58.65 2.23 2.55 2.80 2.18 - 2.58 2.45 1.82 1.96 2.01 1.01 - 
58.85 2.18 2.52 2.81 2.09 - 2.59 2.45 1.73 1.88 1.94 1.04 	- 
59.04 2.15 2.49 2.82 1.98 - 2.61 2.45 1.62 1.82 1.86 1.07 - 
59.23 2.10 2.47 2.84 1.84 - 2.64 2.44 1.49 1.73 1.68 1.11 	- 
59.42 2.05 2.47 2.86 1.66 1.25 2.66 - 1.32 1.62 1.46 1.18 - 
59.62 2.00 2.50 2.88 1.49 1.25 2.66 - 1.09 1.44 1.15 1.28 	- 
APPENDIX D. TABLE OF RESULTS 
	
296 
time 11.00 	10.50 	9.50 	9.00 	8.48 	8.00 	7.51 	7.01 	6.51 	6.00 	5.50 	5.01 
along Clot thickness (mm) 
wall 
0.19 - 4.04 - 4.84 4.10 3.78 - 4.78 - - - - 
0.38 - 4.09 - 4.84 4.18 3.87 - 4.75 - - - - 
0.58 4.26 4.13 - 4.83 4.25 3.94 - 4.74 - - - - 
0.77 4.31 4.17 4.68 4.81 4.32 4.00 - 4.72 - 4.20 - - 
0.96 4.35 4.19 4.70 4.77 4.37 4.06 - 4.71 4.29 4.23 - - 
1.15 4.38 4.21 4.71 4.74 4.39 4.11 4.77 4.69 4.31 4.25 - - 
1.35 4.40 4.30 4.72 4.70 4.48 4.18 4.79 4.63 4.33 4.27 - - 
1.54 4.44 4.39 4.73 4.69 4.58 4.23 4.80 4.60 4.34 4.29 - - 
1.73 4.56 4.48 4.74 4.69 4.67 4.30 4.81 4.56 4.38 4.30 - - 
1.92 4.62 4.55 4.77 4.69 4.76 4.39 4.82 4.55 4.41 4.37 - - 
2.12 4.63 4.58 4.79 4.70 4.83 4.44 4.81 4.55 4.48 4.39 - - 
2.31 4.65 4.60 4.81 4.72 4.88 4.46 4.83 4.55 4.53 4.39 - - 
2.50 4.65 4.62 4.79 4.74 4.95 4.49 4.85 4.55 4.56 4.37 - - 
2.69 4.65 4.63 4.77 4.76 5.00 4.53 4.83 4.55 4.58 4.35 3.94 - 
2.88 4.65 4.65 4.76 4.79 5.05 4.56 4.81 4.55 4.60 4.34 3.93 - 
3.08 4.65 4.65 4.74 4.84 5.10 4.58 4.80 4.56 4.62 4.32 3.92 - 
3.27 4.67 4.65 4.72 4.90 5.17 4.67 4.80 4.60 4.65 4.28 3.93 - 
3.46 4.70 4.62 4.70 4.91 5.24 4.77 4.80 4.63 4.69 4.25 3.94 - 
3.65 4.72 4.58 4.69 4.93 5.31 4.88 4.80 4.69 4.70 4.21 3.97 - 
3.85 4.74 4.55 4.67 4.93 5.37 4.95 4.78 4.74 4.69 4.20 4.00 - 
4.04 4.79 4.51 4.65 4.93 5.40 5.00 4.76 4.77 4.81 4.20 4.04 3.33 
4.23 4.84 4.49 4.63 4.90 5.44 5.03 4.76 4.81 4.93 4.21 4.04 3.35 
4.42 4.90 4.49 4.62 4.84 5.49 5.07 4.78 4.84 5.05 4.23 4.04 3.39 
4.62 4.93 4.49 4.62 4.79 5.52 5.09 4.80 4.88 5.19 4.25 4.04 3.42 
4.81 4.97 4.51 4.62 4.76 5.56 5.10 4.81 4.91 5.33 4.27 4.07 3.42 
5.00 5.02 4.53 4.62 4.72 5.59 5.12 4.83 4.95 5.47 4.28 4.11 3.41 
5.19 5.07 4.58 4.72 4.70 5.63 5.16 4.85 4.97 5.61 4.30 4.16 3.41 
5.38 5.07 4.63 4.83 4.69 5.66 5.12 4.85 5.00 5.73 4.34 4.21 3.41 
5.58 5.03 4.69 4.93 4.70 5.68 5.07 4.85 5.03 5.86 4.37 4.27 3.41 
5.77 5.00 4.74 5.03 4.72 5.68 5.02 4.85 5.05 6.00 4.41 430 144 
5.96 4.97 4.79 5.12 4.74 5.68 5.00 4.88 5.07 6.15 4.42 4.34 3.48 
6.15 4.91 4.84 5.21 4.74 5.66 4.98 4.92 5.07 6.19 4.44 4.37 3.48 
6.35 4.86 4.90 5.30 4.76 5.65 4.97 4.97 5.05 6.21 4.46 4.44 3.46 
6.54 4.83 4.93 5.37 4.77 5.61 4.97 5.01 5.03 6.21 4.48 4.51 3.43 
6.73 4.81 4.95 5.38 4.79 5.58 4.97 5.03 5.00 6.21 4.51 4.58 3.37 
6.92 4.79 4.93 5.40 4.79 5.54 4.97 5.03 4.97 6.21 4.55 4.65 3.34 
7.12 4.76 4.91 5.42 4.79 5.49 4.95 5.03 4.95 6.21 4.58 4.79 3.36 
7.31 4.72 4.90 5.33 4.77 5.42 4.97 5.01 4.93 6.19 4.62 4.91 3.37 
7.50 4.70 4.88 5.24 4.76 5.35 5.00 4.99 4.88 6.17 4.65 5.03 3.37 
7.69 4.70 4.86 5.16 4.72 5.30 5.05 4.97 4.83 6.15 4.69 5.16 3.37 
7.88 4.70 4.84 5.05 4.69 5.21 5.09 4.94 4.79 6.12 4.70 5.26 3.36 
8.08 4.70 4.83 4.97 4.67 5.12 5.12 4.88 4.77 6.07 4.72 5.38 3.32 
8.27 4.70 4.81 4.88 4.67 5.07 5.14 4.83 4.77 6.01 4.72 5.51 3.34 
8.46 4.72 4.79 4.79 4.67 5.02 5.10 4.78 4.76 5.98 4.70 5.61 3.36 
8.65 4.72 4.76 4.74 4.69 4.97 5.05 4.71 4.72 5.96 4.67 5.72 3.37 
8.85 4.69 4.74 4.76 4.67 4.91 4.98 4.65 4.69 5.93 4.60 5.82 3.40 
9.04 4.65 4.70 4.77 4.65 4.84 4.90 4.60 4.62 5.89 4.53 5.91 3.44 
9.23 4.63 4.71 4.77 4.65 4.77 4.90 4.53 4.60 5.86 4.44 5.93 3.44 
9.42 4.62 4.70 4.77 4.66 4.72 4.85 4.51 4.57 5.85 4.40 5.94 3.43 
9.62 4.62 4.69 4.76 4.66 4.69 4.76 4.49 4.57 5.83 4.36 5.94 3.43 
9.81 4.62 4.67 4.76 4.67 4.66 4.64 4.46 4.56 5.82 4.30 5.94 - 
10.00 4.62 4.65 4.78 4.68 4.66 4.55 4.45 4.52 5.82 4.26 5.96 - 
10.19 - - 4.81 - 4.67 - 4.44 - 5.83 4.20 5.96 - 
10.38 - - - - 4.65 - - - - - - - 
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time 11.00 10.50 9.51 8.51 7.51 7.01 6.50 6.00 5.50 5.01 	4.52 (rnins) 
uiiiii 
along Clot thickness (mm) 
wall 
0.19 3.92 3.75 3.78 3.81 4.08 3.59 3.01 3.01 1.57 1.83 	- 
0.38 3.89 3.74 3.76 3.79 4.06 3.60 3.05 3.10 1.76 1.93 - 
0.58 3.87 3.73 3.75 3.77 4.04 3.61 3.08 3.17 1.89 2.01 	- 
0.77 3.86 3.72 3.74 3.76 4.03 3.61 3.10 3.23 1.98 2.05 - 
0.96 3.84 3.71 3.73 3.75 4.02 3.60 3.12 3.27 2.08 2.08 	- 
1.15 3.83 3.69 3.74 3.74 4.01 3.58 3.13 3.27 2.16 2.09 - 
1.35 3.76 3.62 3.71 3.71 3.89 3.58 3.27 3.25 2.28 2.12 	- 
1.54 3.76 3.64 3.76 3.67 3.85 3.58 3.41 3.34 2.50 2.25 - 
1.73 3.78 3.64 3.74 3.69 3.83 3.60 3.39 3.43 2.71 2.37 	- 
1.92 3.78 3.60 3.72 3.67 3.83 3.64 3.34 3.51 2.92 2.36 - 
2.12 3.76 3.55 3.71 3.64 3.83 3.67 3.29 3.60 2.98 2.36 	- 
2.31 3.76 3.51 3.71 3.62 3.81 3.71 3.27 3.58 3.03 2.36 - 
2.50 3.76 3.46 3.71 3.62 3.80 3.74 3.27 3.57 3.07 2.34 	- 
2.69 3.76 3.41 3.69 3.62 3.76 3.78 3.27 3.55 3.10 2.32 - 
2.88 3.76 3.36 3.67 3.62 3.73 3.81 3.25 3.51 3.16 2.34 	- 
3.08 3.76 3.30 3.64 3.62 3.69 3.86 3.23 3.48 3.19 2.36 - 
3.27 3.74 3.34 3.58 3.60 3.67 3.92 3.23 3.46 3.24 2.39 	- 
3.46 3.73 3.39 3.51 3.57 3.67 3.93 3.23 3.44 3.28 2.43 - 
3.65 3.71 3.43 3.44 3.53 3.67 3.95 3.25 3.41 3.32 2.46 	- 
3.85 3.65 3.39 3.39 3.50 3.65 3.93 3.27 3.37 3.33 2.50 - 
4.04 3.60 3.39 3.36 3.48 3.64 3.90 3.29 3.34 3.35 2.51 	- 
4.23 3.57 3.39 3.30 3.48 3.60 3.86 3.29 3.29 3.37 2.51 - 
4.42 3.53 3.39 3.25 3.48 3.57 3.83 3.29 3.25 3.35 2.51 	- 
4.62 3.48 3.41 3.20 3.46 3.53 3.78 3.29 3.22 3.32 2.55 - 
4.81 3.42 3.43 3.16 3.44 3.51 3.71 3.29 3.18 3.30 2.58 	- 
5.00 3.35 3.43 3.13 3.41 3.49 3.64 3.29 3.16 3.26 2.60 - 
5.19 3.28 3.41 3.13 3.37 3.48 3.60 3.29 3.16 3.23 2.60 	- 
5.38 3.23 3.32 3.15 3.36 3.44 3.57 3.25 3.18 3.14 2.58 - 
5.58 3.16 3.23 3.18 3.36 3.42 3.57 3.22 3.23 3.03 2.57 	- 
5.77 3.08 3.15 3.22 3.34 3.40 3.55 3.16 3.29 2.92 2.55 - 
5.96 3.16 3.15 3.23 3.32 3.42 3.53 3.22 3.36 2.83 2.53 	- 
6.15 3.24 3.16 3.23 3.36 3.44 3.57 3.27 3.43 2.76 2.51 - 
6.35 3.33 3.22 3.25 3.43 3.51 3.60 3.34 3.51 2.71 2.50 	- 
6.54 3.42 3.27 3.27 3.48 3.58 3.64 3.41 3.58 2.67 2.50 - 
6.73 3.53 3.32 3.34 3.53 3.65 3.69 3.48 3.67 2.66 2.46 	- 
6.92 3.64 3.37 3.41 3.58 3.71 3.76 3.53 3.76 2.58 2.41 - 
7.12 3.74 3.43 3.48 3.65 3.74 3.83 3.58 3.83 2.51 2.34 	- 
7.31 3.76 3.48 3.55 3.72 3.74 3.78 3.62 3.86 2.44 2.26 - 
7.50 3.80 3.51 3.60 3.71 3.74 3.72 3.65 3.90 2.41 2.23 	- 
7.69 3.85 3.53 3.65 3.67 3.73 3.69 3.65 3.86 2.39 2.19 - 
7.88 3.90 3.55 3.71 3.65 3.71 3.67 3.65 3.85 2.37 2.12 	- 
8.08 3.80 3.57 3.79 3.64 3.65 3.65 3.53 3.79 2.35 2.05 - 
8.27 3.65 3.57 3.88 3.55 3.57 3.53 3.39 3.74 2.32 1.96 	- 
8.46 3.49 3.51 3.95 3.41 3.40 3.37 3.25 3.69 2.26 1.85 - 
8.65 3.33 3.46 4.02 3.30 3.33 3.30 3.11 3.65 2.21 1.73 	- 
8.85 3.17 3.41 4.04 3.22 3.30 3.25 3.06 3.60 2.09 1.60 - 
9.04 3.03 3.36 4.06 3.15 3.28 3.22 3.02 3.57 2.01 1.50 	- 
9.23 2.94 3.32 4.06 3.08 3.28 3.18 3.02 3.57 2.00 1.41 - 
9.42 2.99 3.32 4.04 3.01 3.30 3.23 3.06 3.58 1.98 1.34 	- 
9.62 3.05 3.32 4.02 3.04 3.30 3.27 3.11 3.60 1.96 1.25 - 
9.81 3.10 3.34 3.99 3.13 3.32 3.30 3.20 3.64 1.93 1.18 	- 
10.00 3.16 3.36 3.93 3.22 3.39 3.32 3.29 3.62 1.90 1.13 - 
10.19 3.18 3.34 3.86 3.29 3.40 3.34 3.36 3.58 - 1.08 	- 
10.38 3.22 3.32 3.79 3.33 3.47 3.40 3.44 3.60 - 1.04 - 
10.58 3.31 3.32 3.71 3.40 3.59 3.53 3.55 3.61 - 1.01 	- 
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MM 
along Clot thickness (mm) 
wall 
10.77 3.42 3.30 3.62 3.46 3.63 3.56 3.68 3.63 	- 	 - 	 - 
10.96 3.56 3.29 3.58 3.52 3.61 3.57 3.71 3.65 - 	 - 	 - 
11.15 - 3.27 3.53 3.56 3.59 3.56 3.75 3.65 	- 	 - 	 - 
11.35 - 3.25 3.49 - - - - - 	 - 	 - 	 - 
11.54 - 3.22 3.43 - - - - - 	 - 	 - 	 - 
11.73 - 3.20 3.37 - - - - - 	 - 	 - 	 - 
11.92 - 3.18 - - - - - - 	 - 	 - 	 - 
12.12 - 3.23 - - - - - - 	 - 	 - 	 - 
12.31 - 3.23 - - - - - - 	 - 	 - 	 - 
12.50 - 3.23 - - - - - - 	 - 	 - 	 - 
12.69 - 3.22 - - - - - - 	 - 	 - 	 - 
12.88 - 3.24 - - - - - - 	 - 	 - 	 - 
13.08 - 3.27 - - - - - - 	 - 	 - 	 - 
30.00 - - - 2.02 - 1.76 - - 	 - 	 - 	 - 
30.19 - - - 2.17 - 1.81 - - 	 - 	 - 	 - 
30.38 - - - 2.31 - 1.85 - 1.96 - 	 - 	 - 
30.58 - - - 2.31 - 1.88 - 1.98 	- 	 - 	 - 
30.77 - - - 2.31 - 1.92 2.50 2.00 - 	 - 	 - 
30.96 2.32 - 2.37 2.31 - 1.96 2.50 2.05 	- 	 - 	 - 
31.15 2.32 - 2.53 2.45 2.35 2.01 2.50 2.10 - 	 - 	 - 
31.35 2.33 2.34 2.64 2.59 2.35 2.05 2.50 2.13 	- 	 - 	 - 
31.54 2.33 2.36 2.63 2.71 2.33 2.06 2.48 2.20 - 	 - 	 - 
31.73 2.35 2.38 2.62 2.76 2.31 2.08 2.55 2.22 	- 	 - 	 - 
31.92 2.37 2.39 2.62 2.83 2.33 2.10 2.60 2.22 - 	 - 	 - 
32.12 2.44 2.42 2.71 2.81 2.37 2.15 2.67 2.22 	- 	 - 	 - 
32.31 2.50 2.47 2.76 2.78 2.46 2.20 2.73 2.27 - 	 - 	 - 
32.50 2.55 2.55 2.81 2.74 2.53 2.26 2.71 2.33 	- 	 - 	 - 
32.69 2.60 2.62 2.87 2.80 2.57 2.31 2.69 2.38 - 	 - 	 - 
32.88 2.64 2.67 2.90 2.85 2.58 2.34 2.66 2.41 	- 	 - 	 - 
33.08 2.67 2.69 2.85 2.88 2.60 2.38 2.69 2.41 - 	 - 	 - 
33.27 2.73 2.71 2.80 2.85 2.64 2.41 2.73 2.41 	- 	 - 	 - 
33.46 2.78 2.76 2.76 2.81 2.69 2.47 2.74 2.41 - 	 - 	 - 
33.65 2.85 2.81 2.78 2.78 2.76 2.52 2.79 2.41 	- 	 - 	 - 
33.85 2.91 2.87 2.71 2.71 2.83 2.59 2.74 2.36 - 	 - 	 - 
34.04 2.96 2.92 2.62 2.62 2.89 2.67 2.79 2.34 	- 	 - 	 - 
34.23 2.99 2.95 2.53 2.53 2.94 2.69 2.83 2.33 - 	 - 	 - 
34.42 3.03 2.96 2.45 2.45 2.98 2.69 2.85 2.24 	- 	 - 	 - 
34.62 3.03 2.97 2.36 2.47 3.01 - - 2.17 - 	 - 	 - 
34.81 3.03 2.98 2.26 2.52 3.04 - - 2.10 	- 	 - 	 - 
35.00 3.03 2.99 2.15 2.57 3.07 - - 2.05 - 	 - 	 - 
35.19 3.04 3.01 2.06 2.64 3.11 - - 1.99 	- 	 - 	 - 
35.38 3.06 - 1.98 2.62 3.14 - - 1.94 - 	 - 	 - 
35.58 3.08 - 1.89 2.59 3.17 - - 1.89 	- 	 - 	 - 
35.77 3.10 - 1.82 2.55 - - - 1.99 - 	 - 	 - 
35.96 3.13 - 1.82 2.66 - - - 2.20 	- 	 - 	 - 
36.15 3.16 - 1.83 2.82 - - - 2.36 - 	 - 	 - 
36.35 3.21 - 1.84 - - - - 2.48 	- 	 - 	 - 
36.54 3.26 - 1.85 - - - - 2.56 - 	 - 	 - 
36.73 3.35 - 1.87 - - - - 2.63 	- 	 - 	 - 
36.92 3.44 - 1.89 - - - - 2.72 - 	 - 	 - 
37.12 3.51 - - - - - - 2.83 	- 	 - 	 - 
37.31 3.56 - - - - - - 2.98 - 	 - 	 - 
37.50 3.61 - - - - - - - 	 - 	 - 	 - 
37.69 3.65 - - - - - - - 	 - 	 - 	 - 
37.88 3.70 - - - - - - - 	 - 	 - 	 - 
38.08 3.74 - - - - - - - 	 - 	 - 	 - 
40.38 - - - 4.10 - - - - 	 - 	 - 	 - 
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mm 
along Clot thickness (mm) 
wall 
40.58 - - 4.04 4.31 - 2.56 - - - - - 
40.77 4.58 - 4.15 4.47 3.69 2.88 4.62 4.74 - - - 
40.96 4.68 4.68 4.23 4.57 3.84 3.10 4.67 4.73 - - - 
41.15 4.75 4.56 4.25 4.56 3.90 3.23 4.74 4.66 - 4.44 - 
41.35 4.71 4.47 4.23 4.70 3.94 3.33 4.72 4.62 - 4.40 - 
41.54 4.65 4.40 4.21 4.97 3.96 3.41 4.67 4.62 - 4.34 - 
41.73 4.60 4.35 4.34 5.21 3.98 3.64 4.62 4.60 3.99 4.27 - 
41.92 4.71 4.32 4.44 5.44 4.08 3.85 4.62 4.65 3.98 4.22 - 
42.12 4.78 4.39 4.55 5.66 4.17 3.97 4.56 4.58 3.97 4.17 - 
42.31 4.72 4.34 4.53 5.66 4.24 4.07 4.48 4.53 3.97 4.12 3.04 
42.50 4.67 4.30 4.51 5.65 4.35 4.27 4.30 4.46 3.98 4.05 3.13 
42.69 4.62 4.25 4.48 5.59 4.46 4.27 4.14 4.37 3.99 3.99 3.20 
42.88 4.55 4.21 4.44 5.54 4.46 4.28 4.00 4.28 3.96 4.01 3.25 
43.08 4.49 4.18 4.41 5.51 4.49 4.30 3.88 4.20 3.99 4.03 3.29 
43.27 4.44 4.25 4.41 5.56 4.56 4.39 3.81 4.13 3.99 4.03 3.32 
43.46 4.47 4.32 4.46 5.44 4.63 4.51 3.81 4.16 4.05 4.03 3.44 
43.65 4.53 4.39 4.53 5.30 4.72 4.65 3.88 4.18 4.10 4.05 3.55 
43.85 4.56 4.46 4.58 5.14 4.81 4.79 4.00 4.21 4.15 4.10 3.64 
44.04 4.58 4.49 4.60 5.00 4.90 4.93 4.16 4.25 4.22 4.17 3.67 
44.23 4.60 4.49 4.62 4.86 4.99 5.07 4.35 4.30 4.31 4.24 3.67 
44.42 4.62 4.49 4.63 4.86 5.08 5.21 4.55 4.35 4.40 4.31 3.67 
44.62 4.62 4.48 4.65 4.90 5.06 5.33 4.72 4.39 4.47 4.39 3.65 
44.81 4.67 4.49 4.70 4.93 5.03 5.44 4.88 4.44 4.55 4.46 3.64 
45.00 4.72 4.53 4.79 4.97 4.99 5.42 5.02 4.51 4.62 4.51 3.62 
45.19 4.78 4.58 4.88 5.00 4.97 5.42 5.16 4.63 4.69 4.51 3.64 
45.38 4.81 4.63 4.97 5.03 4.96 5.38 5.23 4.77 4.78 4.53 3.65 
45.58 4.85 4.70 5.03 5.09 4.96 5.31 5.28 4.81 4.83 4.53 3.67 
45.77 4.88 4.77 5.09 5.14 4.97 5.24 5.28 4.83 4.88 4.60 3.69 
45.96 4.94 4.83 5.14 5.21 5.01 5.17 5.24 4.84 4.94 4.63 3.72 
46.15 4.99 4.90 5.19 5.28 5.04 5.17 5.21 4.86 4.97 4.65 3.78 
46.35 5.04 4.98 5.24 5.35 5.08 5.17 5.17 4.88 4.99 4.67 3.85 
46.54 5.10 5.07 5.30 5.38 5.12 5.17 5.14 4.88 5.01 4.65 3.92 
46.73 5.17 5.16 5.35 5.35 5.19 5.21 5.10 4.90 5.03 4.65 4.00 
46.92 5.17 5.21 5.35 5.30 5.26 5.21 5.09 4.91 5.04 4.71 4.09 
47.12 5.19 5.23 5.30 5.24 5.31 5.23 5.09 4.95 5.06 4.76 4.18 
47.31 5.20 5.23 5.23 5.19 5.35 5.24 5.09 4.95 5.08 4.87 4.25 
47.50 5.22 5.23 5.16 5.16 5.38 5.28 5.10 4.93 5.10 4.94 4.32 
47.69 5.22 5.21 5.10 5.16 5.42 5.31 5.14 4.90 5.10 4.99 4.35 
47.88 5.22 5.17 5.07 5.16 5.44 5.35 5.19 4.83 5.12 4.97 4.39 
48.08 5.22 5.16 5.03 5.14 5.44 5.38 5.23 4.76 5.13 4.99 4.39 
48.27 5.22 5.14 5.02 5.12 5.42 5.35 5.26 4.77 5.15 4.99 4.37 
48.46 5.26 5.16 5.00 5.12 5.40 5.31 5.30 4.81 5.17 4.99 4.35 
48.65 5.29 5.17 4.98 5.12 5.40 5.30 5.33 4.88 5.19 4.97 4.34 
48.85 5.29 5.21 4.97 5.14 5.42 5.26 5.37 4.93 5.20 4.90 4.32 
49.04 5.29 5.24 5.00 5.19 5.44 5.30 5.38 4.98 5.22 4.78 4.30 
49.23 5.28 5.28 5.05 5.26 5.47 5.31 5.42 5.02 5.24 4.63 4.23 
49.42 5.28 5.31 5.14 5.35 5.51 5.35 5.45 5.05 5.26 4.47 4.14 
49.62 5.29 5.33 5.23 5.42 5.54 5.37 5.45 5.10 5.26 4.35 4.06 
49.81 5.35 5.35 5.31 5.45 5.60 5.38 5.44 5.17 5.26 4.28 4.00 
50.00 5.40 5.38 5.38 5.49 5.65 5.38 5.42 5.28 5.35 4.22 3.95 
50.19 5.45 5.44 5.47 5.54 5.72 5.42 5.42 5.42 5.44 4.17 3.95 
50.38 5.53 5.51 5.52 5.58 5.81 5.45 5.42 5.47 5.49 4.21 3.97 
50.58 5.58 5.56 5.58 5.61 5.88 5.49 5.47 5.51 5.54 4.30 4.00 
50.77 5.65 5.63 5.63 5.65 5.92 5.52 5.52 5.52 5.58 4.40 4.02 
50.96 5.74 5.68 5.70 5.70 5.94 5.58 5.61 5.56 5.60 4.55 4.04 
51.15 5.83 5.73 5.75 5.73 5.94 5.63 5.70 5.61 5.61 4.69 4.14 
51.35 5.92 5.79 5.82 5.77 5.94 5.70 5.77 5.66 5.63 4.85 4.32 
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Clot thickness (mm) 
51.54 5.99 5.84 5.89 5.79 5.94 5.77 5.84 5.72 5.67 5.01 4.51 
51.73 6.06 5.93 5.96 5.80 5.97 5.84 5.91 5.79 5.78 5.17 4.69 
51.92 6.11 6.01 6.01 5.82 5.97 5.89 5.98 5.84 5.88 5.29 4.84 
52.12 6.27 6.10 6.07 5.84 5.97 5.94 6.03 5.89 5.88 5.40 5.00 
52.31 6.45 6.17 6.10 5.86 5.95 5.96 6.08 5.91 5.88 5.51 5.12 
52.50 6.63 6.22 6.15 5.93 5.94 5.98 6.14 5.93 5.95 5.56 5.23 
52.69 6.79 6.26 6.19 5.98 5.97 6.03 6.17 5.94 6.02 5.63 5.30 
52.88 6.93 6.28 6.22 6.03 6.02 6.07 6.22 5.98 6.11 5.70 5.38 
53.08 7.08 6.29 6.24 6.08 6.08 6.10 6.22 6.03 6.22 5.78 5.47 
53.27 7.22 6.31 6.26 6.14 6.13 6.15 6.26 6.07 6.31 5.85 5.47 
53.46 7.36 6.33 6.28 6.17 6.19 6.21 6.29 6.10 6.40 5.92 5.45 
53.65 7.50 6.35 6.29 6.22 6.24 6.26 6.33 6.14 6.49 6.02 5.51 
53.85 7.56 6.35 6.31 6.29 6.27 6.31 6.38 6.15 6.52 6.13 5.58 
7.61 6.35 6.35 6.36 6.33 6.38 6.43 6.19 6.54 6.26 5.65 
54.23 7.56 6.36 6.38 6.42 6.38 6.45 6.49 6.22 6.56 6.38 5.70 
54.42 7.49 6.40 6.43 6.47 6.45 6.52 6.54 6.26 6.58 6.49 5.75 
54.62 7.38 6.43 6.49 6.47 6.52 6.59 6.59 6.19 6.56 6.58 5.82 
54.81 7.25 6.43 6.54 6.47 6.54 6.63 6.61 6.14 6.54 6.60 5.91 
55.00 7.11 6.40 6.59 6.45 6.56 6.66 6.61 6.15 6.52 6.61 6.00 
55.19 6.93 6.36 6.64 6.43 6.58 6.70 6.64 6.17 6.51 6.63 6.07 
55.38 6.76 6.35 6.70 6.43 6.61 6.71 6.64 6.19 6.52 6.95 6.14 
55.58 6.58 6.42 6.71 6.43 6.65 6.75 6.63 6.21 6.54 7.26 6.21 
55.77 6.43 6.49 6.71 6.43 6.68 6.77 6.64 6.24 6.56 7.55 6.19 
55.96 6.40 6.57 6.71 6.43 6.70 6.78 6.68 6.26 6.58 7.84 6.17 
56.15 6.36 6.66 6.68 6.43 6.70 6.80 6.71 6.28 6.61 8.15 615 
56.35 6.33 6.71 6.64 6.45 6.72 6.82 6.77 6.29 6.67 8.46 6.15 
56.54 6.29 6.77 6.61 6.47 6.72 6.82 6.80 6.31 6.70 8.79 6.15 
56.73 6.27 6.82 6.59 6.50 6.72 6.82 6.82 6.43 6.74 8.70 6.15 
56.92 6.29 6.92 6.59 6.50 6.72 6.80 6.84 6.54 6.77 8.81 6.15 
57.12 6.33 7.05 6.59 6.52 6.72 6.78 6.85 6.56 6.81 8.94 6.17 
57.31 6.40 7.17 6.57 6.54 6.72 6.77 6.85 6.56 6.84 9.06 6.19 
57.50 6.49 7.27 6.57 6.56 6.74 6.78 6.87 6.54 6.88 8.88 6.22 
57.69 6.58 7.29 6.59 6.57 6.77 6.78 6.89 6.52 6.92 8.70 6.26 
57.88 6.67 7.33 6.63 6.59 6.83 6.78 6.87 6.50 6.93 8.54 6.29 
58.08 6.76 7.34 6.68 6.59 6.84 6.77 6.85 6.50 6.95 8.35 6.35 
58.27 6.93 7.36 6.87 6.70 6.86 6.75 6.87 6.50 6.96 7.51 6.37 
58.46 7.17 7.38 7.06 6.80 6.86 6.73 6.38 6.50 6.95 6.66 6.39 
58.65 7.40 7.47 7.24 6.91 6.86 6.73 5.91 6.49 6.96 5.88 6.42 
58.85 7.49 7.48 7.29 6.92 6.86 6.73 5.83 6.48 6.97 5.90 6.46 
59.04 7.58 7.48 7.35 6.99 - - 5.73 6.47 6.99 5.69 6.51 
59.23 7.70 7.50 7.43 7.07 - - 5.60 - - 5.39 - 
59.42 7.84 7.53 7.55 7.17 - - 5.44 - - 5.01 - 
59.62 8.01 7.56 7.69 7.28 - - 5.19 - - 4.51 - 
301 APPENDIX D. TABLE OF RESULTS 
Fixed disc, 2 1/mm, steady flowrate, viewed from position 8 




Clot thickness (mm) 
0.19 5.83 4.78 5.06 4.74 5.10 5.00 4.81 - - 
0.38 5.80 4.81 5.05 4.78 5.10 4.97 4.84 - - 
0.58 5.77 4.83 5.05 4.81 5.12 4.95 4.83 - - 
0.77 5.73 4.85 5.04 4.83 5.16 4.94 4.83 - - 
0.96 5.65 4.87 5.04 4.85 5.20 4.92 4.83 4.23 - 
1.15 5.59 4.88 5.05 4.86 5.22 4.91 4.83 4.23 - 
1.35 5.51 4.91 5.05 4.90 5.26 4.91 4.84 4.23 - 
1.54 5.42 4.95 5.05 4.93 5.37 4.91 4.86 4.23 - 
1.73 5.35 4.97 5.05 4.97 5.47 4.91 4.90 4.23 - 
1.92 5.28 4.97 5.05 4.98 5.58 4.90 4.90 4.23 - 
2.12 5.21 4.95 5.03 5.00 5.69 4.91 4.90 4.25 - 
2.31 5.14 4.93 5.00 4.98 5.79 4.93 4.88 4.28 - 
2.50 5.09 4.91 4.97 4.97 5.90 4.97 4.86 4.32 - 
2.69 5.03 4.93 4.91 4.97 5.99 5.00 4.86 4.34 - 
2.88 5.00 4.97 4.88 4.95 6.04 5.05 4.86 4.35 - 
3.08 4.98 5.00 4.86 4.93 6.08 5.10 4.86 4.37 - 
3.27 4.97 4.98 4.84 4.95 6.11 5.12 4.86 4.39 - 
3.46 4.95 4.97 4.83 4.97 6.15 5.10 4.86 4.39 3.91 
3.65 4.93 4.95 4.81 4.98 6.06 5.07 4.86 4.39 3.93 
3.85 4.91 4.95 4.81 5.00 5.97 5.03 4.84 4.37 3.94 
4.04 4.90 4.95 4.81 5.00 5.88 5.03 4.84 4.37 3.95 
4.23 4.90 4.95 4.83 4.98 5.78 4.98 4.84 4.35 3.96 
4.42 4.91 4.97 4.86 4.98 5.69 4.91 4.86 4.34 3.97 
4.62 4.95 5.00 4.90 5.00 5.61 4.84 4.86 4.32 3.97 
4.81 4.97 5.00 4.97 5.00 5.54 4.76 4.86 4.34 4.00 
5.00 4.97 4.98 5.02 5.02 5.51 4.65 4.88 4.35 4.04 
5.19 4.98 4.97 5.05 5.14 5.49 4.62 4.88 4.37 4.07 
5.38 5.00 5.00 5.09 5.24 5.47 4.62 4.86 4.39 4.11 
5.58 5.03 5.03 5.10 5.35 5.47 4.62 4.83 4.41 4.13 
5.77 5.07 5.10 5.12 5.45 5.53 4.63 4.77 4.41 4.13 
5.96 5.12 5.16 5.12 5.56 5.56 4.65 4.72 4.42 4.13 
6.15 5.17 5.21 5.12 5.68 5.58 4.67 4.72 4.44 4.13 
6.35 5.19 5.26 5.10 5.82 5.61 4.70 4.74 4.44 4.13 
6.54 5.19 5.30 5.10 5.96 5.63 4.76 4.74 4.41 4.13 
6.73 5.17 5.31 5.10 6.07 5.61 4.81 4.74 4.46 4.11 
6.92 5.17 5.31 5.09 6.17 5.60 4.86 4.74 4.49 4.09 
7.12 5.17 5.30 5.07 6.28 5.56 4.91 4.72 4.53 4.07 
7.31 5.17 5.28 5.05 6.26 5.53 4.90 4.72 4.56 4.06 
7.50 5.17 5.26 5.02 6.22 5.49 4.86 4.74 4.58 4.02 
7.69 5.16 5.21 4.98 6.07 5.44 4.84 4.74 4.60 3.92 
7.88 5.14 5.12 4.93 5.89 5.37 4.83 4.76 4.62 3.83 
8.08 5.10 5.02 4.88 5.72 5.29 4.81 4.77 4.60 3.75 
8.27 5.05 4.91 4.83 5.59 5.24 4.76 4.70 4.58 3.67 
8.46 5.03 4.81 4.77 5.47 5.20 4.70 4.62 4.58 3.60 
8.65 5.02 4.72 4.70 5.35 5.17 4.65 4.56 4.58 3.53 
8.85 4.98 4.63 4.63 5.24 5.13 4.58 4.55 4.51 3.48 
9.04 4.95 4.56 4.56 5.14 5.10 4.55 4.53 4.44 3.39 
9.23 4.90 4.49 4.49 5.05 5.04 4.53 4.49 4.37 3.30 
9.42 4.83 4.42 4.44 4.98 4.99 4.51 4.44 4.30 3.22 
9.62 4.74 4.35 4.39 4.90 4.94 4.49 4.39 4.21 3.16 
9.81 4.63 4.32 4.35 4.88 4.90 4.48 4.37 4.13 3.18 
10.00 4.46 4.27 4.33 4.92 4.88 4.46 4.34 4.10 3.18 
10.19 4.27 4.23 4.32 4.98 4.88 4.42 4.33 4.10 3.18 
10.38 4.21 4.23 4.30 4.98 4.87 4.42 4.34 4.09 3.18 
10.58 4.12 4.23 4.31 4.97 4.84 4.42 4.35 4.07 3.17 
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MM 
along 	 Clot thickness (mm) 
wall 
10.77 	4.01 	4.21 	4.33 	4.97 	- 	4.42 	4.34 	4.07 	3.16 
10.96 3.90 4.18 - - - 	4.45 	4.29 - 	3.14 
11.15 	3.75 	4.13 	- 	- 	- 	4.46 
Ume 30.01 29.02 28.00 27.01 26.00 24.00 22.00 20.01 18.01 16.01 14.01 12.02 10.51 9.51 8.50 7.50 7.00 6.50 6.00 5.50 5.01 iins) 
HIM 
along Clot thickness (mm) 
wall 
0.19 3.11 3.11 3.56 2.95 3.07 3.08 3.21 - - - - 3.27 3.33 3.27 3.27 3.27 3.27 - - - - 
0.38 3.13 3.27 3.67 3.02 3.11 3.10 3.30 - - - - 3.27 3.31 3.27 3.27 3.27 3.30 - - - - 
0.58 3.20 3.37 3.75 3.29 3.14 3.13 3.37 - - - - 3.27 3.28 3.27 3.27 3.25 3.29 - - - - 
0.77 3.27 3.42 3.79 3.50 3.16 3.14 3.40 5.03 - 2.95 - 3.27 3.25 3.25 3.27 3.23 3.29 - - - - 
0.96 3.33 3.46 3.80 3.67 3.18 3.15 3.42 5.04 - 2.97 3.04 3.25 3.22 3.23 3.25 3.21 3.31 2.88 - - - 
1.15 3.37 3.50 3.80 3.83 3.17 3.16 3.44 5.05 2.91 3.00 2.99 3.23 3.19 3.22 3.22 3.20 3.32 2.86 - - - 
1.35 3.43 3.57 3.83 4.06 3.19 3.22 3.53 5.05 2.94 3.06 2.96 3.22 3.16 3.20 3.18 3.18 3.34 2.92 - - - 
1.54 3.48 3.64 3.87 4.32 3.23 3.29 3.62 5.04 2.97 3.10 2.93 3.20 3.12 3.18 3.15 3.16 3.36 2.96 - - - 
1.73 3.57 3.72 3.92 4.58 3.30 3.36 3.65 5.01 2.96 3.11 2.90 3.18 3.07 3.18 3.13 3.15 3.37 3.00 - 2.37 - 
1.92 3.69 3.85 3.99 4.83 3.37 3.37 3.64 4.97 2.96 3.11 2.90 3.15 3.05 3.16 3.11 3.09 3.36 3.01 2.47 2.42 - 
2.12 3.83 3.97 4.03 5.07 3.42 3.39 3.60 4.94 2.98 3.11 2.90 3.09 3.01 3.13 3.09 3.04 3.34 3.01 2.50 2.45 - 
2.31 3.92 3.95 4.01 5.30 3.48 3.37 3.57 4.88 3.03 3.13 2.87 3.04 2.98 3.08 3.08 3.01 3.32 3.01 2.52 2.48 - 
2.50 3.97 3.93 3.99 5.51 3.55 3.36 3.50 4.83 3.07 3.20 2.81 2.99 2.96 3.02 3.04 2.97 3.29 3.05 2.54 2.48 - 
2.69 3.97 3.92 3.98 5.56 3.62 3.36 3.43 4.78 3.08 3.27 2.74 2.94 2.94 2.97 3.01 2.95 3.27 3.08 2.56 2.48 - 
2.88 3.97 3.92 3.99 5.61 3.67 3.36 3.39 4.72 3.12 3.32 2.71 2.87 2.94 2.94 2.97 2.94 3.25 3.12 2.57 2.53 - 
3.08 3.99 3.93 4.01 5.66 3.73 3.36 3.36 4.65 3.14 3.34 2.69 2.81 2.94 2.90 2.95 2.92 3.20 3.19 2.60 2.55 - 
3.27 4.04 3.95 4.05 5.68 3.80 3.36 3.36 4.47 3.17 3.34 2.69 2.78 2.94 2.87 2.97 2.92 3.16 3.26 2.62 2.57 - 
3.46 4.09 3.99 4.08 5.68 3.87 3.32 3.37 4.31 3.16 3.29 2.69 2.74 2.94 2.83 2.97 2.92 3.13 3.23 2.64 2.57 - 
3.65 4.13 4.02 4.14 5.65 3.92 3.27 3.39 4.15 3.14 3.22 2.69 2.71 2.94 2.80 2.97 2.92 3.09 3.19 2.66 2.57 - 
3.85 4.14 4.04 4.17 5.61 3.94 3.22 3.41 3.96 3.14 3.16 2.69 2.69 2.94 2.74 2.94 2.88 3.08 3.14 2.67 2.53 - 
4.04 4.11 4.00 4.19 5.61 3.98 3.18 3.46 3.78 3.14 3.13 2.67 2.69 2.92 2.71 2.90 2.88 3.08 3.10 2.69 2.50 1.41 
4.23 4.07 3.97 4.19 5.61 4.03 3.16 3.48 3.62 3.16 3.09 2.67 2.71 2.92 2.69 2.87 2.88 3.04 3.07 2.69 2.45 1.43 
4.42 4.07 3.95 4.19 5.59 4.08 3.18 3.51 3.46 3.16 3.06 2.67 2.74 2.92 2.69 2.83 2.85 3.01 3.03 2.69 2.38 1.44 
4.62 4.09 3.93 4.17 5.56 4.08 3.20 3.55 3.30 3.10 2.95 2.66 2.78 2.92 2.71 2.81 2.83 2.94 2.94 2.67 2.33 1.45 
4.81 4.13 3.95 4.15 5.52 4.08 3.20 3.58 3.14 3.05 2.85 2.66 2.80 2.92 2.73 2.80 2.81 2.85 2.83 2.66 2.27 1.48 
5.00 4.14 3.95 4.10 5.47 4.06 3.22 3.60 2.99 2.98 2.76 2.66 2.81 2.92 2.73 2.80 2.80 2.78 2.75 2.62 2.22 1.50 
5.19 4.11 3.93 4.06 5.28 4.03 3.23 3.64 2.89 2.91 2.69 2.66 2.83 2.89 2.73 2.80 2.78 2.73 2.62 2.59 2.17 1.56 
5.38 4.04 3.92 4.03 5.10 3.99 3.23 3.64 2.89 2.83 2.60 2.66 2.83 2.82 2.73 2.78 2.74 2.62 2.50 2.55 2.12 1.61 
5.58 3.97 3.90 4.03 4.95 3.94 3.23 3.64 2.89 2.82 2.57 2.69 2.83 2.75 2.71 2.74 2.71 2.50 2.42 2.53 2.05 1.66 
5.77 3.92 3.88 3.99 4.77 3.89 3.23 3.64 2.91 2.82 2.57 2.76 2.83 2.67 2.69 2.71 2.67 2.40 2.35 2.48 1.98 1.71 
5.96 3.90 3.86 3.94 4.60 3.85 3.25 3.64 2.98 2.82 2.57 2.83 2.81 2.64 2.67 2.67 2.67 2.27 2.39 2.41 1.94 1.75 
6.15 3.88 3.86 3.89 4.41 3.80 3.27 3.64 3.05 2.82 2.57 2.87 2.78 2.62 2.67 2.64 2.67 2.19 2.42 2.34 1.91 1.78 
6.35 3.86 3.86 3.85 4.21 3.71 3.27 3.67 3.08 2.76 2.57 2.90 2.73 2.60 2.67 2.62 2.67 2.15 2.46 2.27 1.89 1.78 
6.54 3.86 3.86 3.80 4.02 3.62 3.27 3.71 3.12 2.71 2.53 2.94 2.66 2.57 2.66 2.60 2.69 2.12 2.48 2.22 1.89 1.75 
6.73 3.86 3.86 3.76 3.85 3.53 3.27 3.72 3.16 2.73 2.53 2.99 2.59 2.53 2.62 2.57 2.69 2.15 2.62 2.20 1.89 1.71 
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3.25 3.72 3.19 2.75 2.53 3.01 2.55 2.50 2.59 2.53 2.69 2.20 2.80 719 1.89 1.66 











3.01 2.53 2.46 2.57 2.48 2.69 2.19 2.96 2.19 1.89 1.61 





2.44 2.55 2.45 2.67 2.17 3.12 2.15 1.89 1.56 
7.69 3.64 3.57 3.49 3.51 3.32 3.22 3.64 3.23 2.75 2.67 2.90 2.53 
2.46 
2.48 
2.55 2.41 2.66 2.19 3.30 2.12 1.89 1.52 
7.88 3.60 3.51 3.46 3.50 3.32 3.23 3.60 3.23 2.71 2.73 2.81 2.53 2.50 
2.53 
2.52 
2.41 2.64 2.24 3.48 2.08 1.91 1.49 
8.08 3.53 3.44 3.42 3.48 3.32 3.23 3.58 3.21 2.69 2.74 2.74 2.53 2.50 
2.41 2.62 2.29 3.65 2.08 1.92 1.45 
8.27 3.48 3.37 3.39 3.46 3.32 3.22 3.55 3.19 2.67 2.73 2.71 2.52 2.46 
2.48 
2.43 
2.41 2.62 2.34 3.76 2.08 1.92 1.42 
8.46 3.43 3.34 3.33 3.43 3.30 3.20 3.53 3.17 2.67 2.67 2.66 2.50 2.42 2.38 
2.41 2.62 2.36 3.87 2.08 1.92 1.38 
8.65 3.32 3.30 3.30 3.39 3.26 3.18 3.50 3.14 2.67 2.64 2.59 2.48 2.41 2.33 
2.38 2.62 2.34 3.98 2.08 1.92 1.38 
8.85 3.20 3.22 3.24 3.34 3.24 3.13 3.48 3.12 2.62 2.60 2.48 2.47 2.35 2.26 
2 .33 2.62 2.31 4.10 2.06 1.91 1.40 
9.04 3.06 3.15 3.21 3.27 3.23 3.09 3.41 3.07 2.55 2.55 2.41 2.43 2.33 2.17 
2 .29 2.60 2.26 4.15 2.03 1.87 1.43 
9.23 2.95 3.06 3.12 3.13 3.19 3.02 3.34 2.98 2.53 2.56 2.38 2.42 2.31 2.13 
2.26 2.57 2.19 4.19 1.98 1.87 1.47 
9.42 2.94 3.06 3.01 3.08 3.20 3.02 3.35 2.89 2.53 2.54 2.37 2.39 2.30 2.09 
2.25 
2.22 
2.56 2.19 4.22 1.94 1.86 1.51 
9.62 2.91 3.03 2.98 3.01 3.18 2.99 3.33 2.76 2.52 2.50 2.36 2.36 2.30 
2.56 2.20 4.26 1.94 1.85 1.54 
9.81 2.86 3.00 2.92 2.96 3.16 2.93 3.32 2.64 2.52 2.39 2.36 2.31 2.29 
2.02 2.19 2.57 2.21 4.27 1.95 1.84 - 
10.00 2.80 2.97 2.84 2.91 3.11 2.88 3.30 2.51 2.52 2.24 2.34 2.24 
1.98 2.14 2.58 2.20 4.29 1.92 1.83 - 
10.19 2.72 2.95 2.77 2.85 3.04 2.82 3.24 2.45 - 
- 1.92 2.08 2.60 2.18 4.31 1.89 - - 
10.38 - 
- 2.68 - - - 
- 2.37 
- - - - - - - 
- 4.31 - - - 




- - - - - - - 
- 4.31 - - - 
10.77 - - - - - - - - - - - - - - 
10.96 - - 
- - - - 
- 2.24 - - - - - - - - - - - - - 















- - - - - - - - - - - - 







- - - - 
- 4.48 - - - 
32.31 - - - - - - - - - - - - 
- - - - 
- 4.54 - - - 
32.50 - - - - - - - - - - - - 
- - - - 
- 4.58 - - - 
32.69 - - - - - - - - - - - 	 . - 
- - - - 
- 4.62 - - - 
32.88 - - - - - - - - - - - - 
- - - - 
- 4.67 - - - 
33.08 - - - - - - - - - - - 
- - - 
- 4.65 4.69 - - - 
33.27 - - - - - - - - - - - 
- - - - 
- 4.67 4.76 - - - 
33.46 - - - - - - - - - - - 
- - - - 
- 4.69 4.81 - - - 
33.65 - - - - - - - - - - - 
- 
- 
- - - 
- 4.70 4.85 - - - 
33.85 - - 
- 4.62 4.84 4.71 - - - 4.74 
- - - 
- 4.73 4.90 - - - 
34.04 - 
- 4.77 4.67 4.85 4.73 4.74 - - 
- 
4.78 
- - - - 




























- - - 











4.75 4.83 - 5.01 5.02 - 






- 4.78 4.85 - 5.07 5.09 5.06 - 5.07 5.08 - - - 
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MM 
along Clot thickness (mm) 
Wall 
34.81 4.86 4.81 4.98 4.86 4.94 4.84 4.87 5.03 5.08 4.81 4.88 	- 5.16 5.13 5.11 	- 5.09 5.10 	- 	- 	- 
35.00 4.89 4.83 5.03 4.95 4.99 4.90 4.90 5.06 5.10 4.83 4.93 	- 5.22 5.19 5.14 	- 5.12 5.13 	- - - tz 
35.19 4.92 4.87 5.10 5.03 5.04 4.95 4.98 5.08 5.12 4.86 5.00 	- 5.28 5.30 5.19 	- 5.16 5.17 	- 	- 	- k 
35.38 4.95 4.90 5.15 5.10 5.08 5.00 5.05 5.12 5.19 4.93 5.05 	- 5.40 5.38 5.23 	- 5.19 5.20 	- - - 
35.58 5.00 4.95 5.20 5.16 5.13 5.03 5.10 5.15 5.22 4.98 5.09 	- 5.53 5.47 5.26 - 	5.23 5.24 	- 	- 	- 
35.77 5.09 5.00 5.24 5.21 5.19 5.07 5.14 5.20 5.26 5.02 5.10 	- 5.65 5.56 5.33 - 5.24 5.29 	- - - H 
35.96 5.17 5.05 5.28 5.26 5.24 5.12 5.17 5.26 5.29 5.05 5.12 	- 5.78 5.65 5.40 - 	5.24 5.35 	- 	- 	- 
36.15 5.21 5.05 5.29 5.26 5.29 5.17 5.19 5.27 5.31 5.08 5.13 	- 5.86 5.72 5.44 - 5.26 5.37 	- - - tx 
36.35 5.23 5.08 5.29 5.26 5.31 5.19 5.21 5.29 5.34 5.11 5.15 	- 5.95 5.79 5.47 - 	5.26 5.38 	- 	- 	- 
36.54 5.24 5.09 5.29 5.27 5.34 5.21 5.24 5.32 5.34 5.12 5.17 	- 6.02 5.84 5.51 - 5.24 5.37 	- - - 
36.73 5.24 5.10 5.29 5.28 5.37 5.24 5.27 5.35 5.32 5.14 5.19 	- 6.10 5.86 5.52 - 	5.21 5.29 	- 	- 	- 
36.92 5.25 5.11 5.27 5.26 5.41 5.25 5.29 5.36 5.29 5.16 5.19 	- 6.13 5.91 5.52 - 5.23 5.33 	- - - 
37.12 5.26 5.13 5.24 5.25 5.42 5.26 - - - - - - 6.17 5.93 5.51 - 	5.26 5.38 	- 	- 	- 
37.31 - - 5.23 5.22 - - - - - - - 	- 6.19 5.94 5.45 - 5.30 5.42 	- - - 
ci 
37.50 - - - - - - - - - - - - 6.19 5.94 5.42 - 	5.35 5.45 	- 	- 	- 
37.69 - - - - - - - - - - - 	- 6.19 5.93 5.45 - 5.42 5.53 	- - - H 
37.88 - - - - - - - - - - - - 6.15 5.93 5.49 - 	5.49 5.56 	- 	- 	- C,) 
38.08 - - - - - - - - - - - 	- 6.11 5.91 5.52 - 5.54 5.60 	- - - 
38.27 - - - - - - - - - - - - 6.08 5.91 5.58 - 	5.59 5.67 	- 	- 	- 
38.46 - - - - - - - - - - - 	- 6.06 5.91 5.63 - 5.65 5.74 	- - - 
38.65 - - - - - - - - - - - - 6.04 5.91 5.70 - 	5.73 5.85 	- 	- 	- 
38.85 - - - - - - - - - - - 	- 6.02 5.94 5.79 - 5.84 5.99 	- - - 
39.04 - - - - - - - - - - - - 6.02 5.96 5.87 - 	5.91 6.04 	- 	- 	- 
39.23 - - - - - - - - - - - 	- 6.06 6.00 5.98 - 5.98 6.08 	- - - 
39.42 - - - - - - - - - - - - 6.08 6.03 6.08 - 	6.03 6.13 	- 	- 	- 
39.62 - - 5.81 - - - - - - - - 	- 6.11 6.07 6.17 - 6.07 6.17 	- - - 
39.81 - 5.83 5.79 - - - - - - - - - 6.11 6.10 6.15 - 	6.07 6.17 	- 	- 	- 
40.00 - 5.80 5.76 - - - - - - - - 	- 6.10 6.10 6.14 - 6.07 6.17 	- - - 
40.19 - 5.76 5.73 - - - - - - - - - 6.08 6.10 6.12 - 	6.07 6.15 	- 	- 	- 
40.38 - 5.72 5.70 - - - - - - - - 	- 6.02 6.07 6.08 - 6.03 6.11 	- - - 
40.58 - 5.67 5.66 - - - - - - - - - 5.91 6.03 6.05 - 	6.00 6.08 	- 	- 	- 
40.77 - 5.63 5.63 - - - - - - - - 	- 5.75 5.98 6.00 - 5.93 5.97 	- - - 
40.96 - 5.57 5.56 - - - - - - - - - 5.56 5.89 5.93 - 	5.86 5.86 	- 	- 	- 
41.15 - 5.48 5.49 - - - - - - - - 	- 5.31 5.78 5.84 - 5.79 5.76 	- - - 
41.35 - 5.39 5.40 - - - - - - - - 5.04 5.65 5.75 - 	5.73 5.65 	- 	- 	- 
41.54 - 5.31 5.32 - - - - - - - 	- 4.80 5.51 5.65 - 5.70 5.54 	- - - 
41.73 - 5.33 5.24 - - - - •- - - - - 4.63 5.38 5.52 - 	5.66 5.45 	- 	- 	- 
Continues on following page... 
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41.92 - 5.36 5.27 - 5.85 - - - 4.58 - - - 4.49 5.24 5.44 - 5.65 5.35 - - - 
42.12 6.03 5.39 5.29 5.26 5.85 - - - 4.65 - 4.42 - 4.39 5.10 5.35 4.90 5.63 5.24 - - - 
42.31 6.04 5.42 5.33 5.44 6.05 5.03 5.06 - 4.73 4.36 4.45 - 4.30 4.99 5.26 4.89 5.63 5.15  
42.50 6.06 5.44 5.37 5.62 6.23 5.05 5.14 - 4.86 4.45 4.52 - 4.26 4.90 5.19 4.90 5.65 5.08 - - - 
42.69 6.07 5.46 5.40 5.77 6.37 5.10 5.19 5.23 4.96 4.57 4.62 - 4.29 4.85 5.12 4.91 5.66 4.99 - - - 
42.88 6.04 5.50 5.44 5.88 6.49 5.13 5.24 5.32 5.04 4.68 4.73 - 4.37 4.84 5.07 4.96 5.70 4.96 - 4.81 - 
43.08 6.00 5.54 5.47 5.98 6.67 5.15 5.27 5.42 5.13 4.79 4.83 - 4.51 4.85 5.05 5.02 5.73 4.99 - 4.86 - 
43.27 6.08 5.59 5.51 6.17 6.83 5.19 5.30 5.49 5.24 4.88 5.05 - 4.72 4.90 5.07 5.09 5.77 5.06 - 4.93 - 
43.46 6.03 5.65 5.56 6.24 6.97 5.33 5.45 5.55 5.35 5.02 5.19 - 4.94 4.95 5.10 5.16 5.77 5.13 - 4.98 - 
43.65 6.08 5.70 5.63 6.31 7.11 5.40 5.58 5.60 5.47 5.16 5.33 5.45 5.17 5.04 5.17 5.23 5.79 5.20 5.48 5.02 - 
43.85 6.14 5.66 5.70 6.38 7.24 5.45 5.61 5.72 5.60 5.28 5.47 5.44 5.31 5.13 5.26 5.31 5.80 5.28 5.52 5.03 - 
44.04 6.19 5.87 5.70 6.36 7.36 5.49 5.66 5.83 5.70 5.38 5.61 5.43 5.45 5.24 5.37 5.40 5.82 5.37 5.55 5.09 - 
44.23 6.26 6.08 5.72 6.33 7.49 5.54 5.70 5.92 5.78 5.51 5.75 5.43 5.60 5.37 5.47 5.49 5.84 5.45 5.58 5.12  
44.42 6.35 6.33 5.76 6.31 7.49 5.61 5.75 6.02 5.99 5.65 5.89 5.42 5.74 5.47 5.59 5.61 5.86 5.56 5.62 5.16 - 
Ci 44.62 6.43 6.59 5.81 6.28 7.45 5.68 5.80 6.08 6.15 5.77 6.00 5.49 5.88 5.59 5.70 5.73 5.87 5.69 5.65 5.21 - 
44.81 6.50 6.85 5.90 6.26 7.42 5.77 5.87 6.11 6.35 5.87 6.08 5.61 6.01 5.70 5.82 5.86 5.91 5.85 5.73 5.26 - H 
45.00 6.63 7.12 6.02 6.24 7.36 5.87 5.94 6.17 6.54 5.98 6.17 5.70 6.11 5.79 5.93 5.98 5.94 6.01 5.91 5.30 - CI 
45.19 6.80 7.38 6.24 6.22 7.29 5.98 6.03 6.22 6.76 6.08 6.28 5.77 6.22 5.87 6.03 6.07 6.00 6.10 6.10 5.31 - 
45.38 6.98 7.60 6.45 6.21 7.22 6.07 6.12 6.27 6.97 6.21 6.38 5.84 6.29 5.96 6.14 6.14 6.07 6.17 6.28 5.31 - 
45.58 7.15 7.85 6.67 6.33 7.17 6.15 6.19 6.35 7.18 6.33 6.45 5.91 6.36 6.05 6.22 6.21 6.14 6.26 6.45 5.33 - 
45.77 7.20 7.99 6.84 6.47 7.15 6.22 6.26 6.42 7.38 6.45 6.52 5.98 6.42 6.12 6.31 6.28 6.21 6.35 6.64 5.35 - 
45.96 7.34 8.13 7.02 6.59 7.17 6.28 6.33 6.47 7.58 6.59 6.59 6.07 6.47 6.19 6.42 6.36 6.28 6.45 6.82 5.38 - 
46.15 7.50 8.04 7.18 6.71 7.18 6.33 6.38 6.52 7.77 6.68 6.68 6.19 6.52 6.26 6.50 6.47 6.35 6.58 6.98 5.42 - 
46.35 7.64 7.97 7.31 6.84 7.22 6.36 6.45 6.61 7.97 6.75 6.77 6.31 6.58 6.35 6.59 6.57 6.42 6.70 7.12 5.47 - 
46.54 7.76 7.95 7.42 6.91 7.24 6.54 6.50 6.68 7.99 6.77 6.82 6.43 6.63 6.43 6.66 6.64 6.49 6.79 7.22 5.52 - 
46.73 7.88 7.95 7.50 6.96 7.27 6.70 6.56 6.70 8.02 6.77 6.87 6.49 6.67 6.52 6.73 6.70 6.56 6.86 7.33 5.59 - 
46.92 8.01 7.95 7.59 7.01 7.31 6.82 6.59 6.72 8.00 6.75 6.91 6.52 6.70 6.59 6.75 6.71 6.61 6.92 7.38 5.66 - 
47.12 8.11 7.95 7.65 7.06 7.38 6.94 6.64 6.67 7.99 6.71 6.91 6.56 6.74 6.66 6.77 6.71 6.64 6.97 7.31 5.75 3.88 
47.31 8.18 7.95 7.65 7.12 7.49 7.06 6.68 6.60 7.97 6.64 6.87 6.57 6.77 6.68 6.77 6.73 6.66 6.95 7.20 5.84 3.90 
47.50 8.25 7.97 7.65 7.19 7.59 7.19 6.73 6.67 7.95 6.56 6.78 6.59 6.81 6.64 6.75 6.71 6.66 6.92 7.08 5.93 3.94 
47.69 8.30 7.88 7.63 7.24 7.70 7.31 6.80 6.72 7.93 6.47 6.71 6.61 6.84 6.61 6.73 6.64 6.66 6.86 6.96 6.00 3.95 
47.88 8.34 7.90 7.63 7.27 7.75 7.43 6.89 6.77 7.83 6.38 6.68 6.61 6.84 6.57 6.70 6.57 6.63 6.81 6.82 6.07 3.94 
48.08 8.23 7.92 7.63 7.29 7.77 7.55 6.98 6.77 7.72 6.40 6.64 6.61 6.84 6.54 6.64 6.47 6.57 6.74 6.68 6.14 3.93 
48.27 8.11 7.92 7.65 7.31 7.79 7.67 7.05 6.77 7.61 6.47 6.61 6.57 6.84 6.50 6.59 6.36 6.52 6.65 6.56 6.22 3.97 
48.46 7.99 7.90 7.70 7.33 7.75 7.76 7.10 6.74 7.52 6.51) 6.59 6.57 6.81 6.45 6.54 6.31 6.47 6.56 6.71 6.29 3.99 
48.65 7.99 7.81 7.72 7.34 7.70 7.71 7.15 6.74 7.45 6.56 6.64 6.59 6.83 6.38 6.47 6.26 6.42 6.49 6.91 6.36 3.99 
48.85 7.99 7.71 7.72 7.36 7.65 7.67 7.20 6.79 7.36 6.61 6.70 6.63 6.86 6.29 6.40 6.21 6.47 6.42 7.10 6.38 3.95 
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49.04 7.99 7.62 7.72 7.34 7.59 7.64 7.26 6.84 7.31 6.68 6.75 6.66 6.92 6.33 6.36 6.17 6.52 6.35 7.31 6.38 3.93 
49.23 7.97 7.53 7.72 7.34 7.52 7.60 7.29 6.97 7.25 6.75 6.80 6.70 6.97 6.36 6.33 6.12 6.56 6.27 7.55 6.37 3.92 
49.42 7.94 7.47 7.74 7.38 7.45 7.60 7.38 7.11 7.22 6.85 6.87 6.77 7.02 6.43 6.29 6.07 6.59 6.42 7.81 6.36 3.90 k 
49.62 7.88 7.41 7.75 7.40 7.36 7.60 7.47 7.13 7.18 6.98 6.99 6.84 7.08 6.54 6.26 6.07 6.59 6.58 8.09 6.35 3.86 
49.81 7.83 7.45 7.77 7.40 7.25 7.60 7.53 7.13 7.15 7.10 7.12 6.91 7.15 6.64 6.22 6.14 6.57 6.74 8.37 6.35 3.85 
50.00 7.76 7.47 7.77 7.38 7.17 7.53 7.55 7.13 7.22 7.22 7.20 6.99 7.25 6.75 6.21 6.21 6.57 6.90 8.65 6.37 3.83 
50.19 7.74 7.48 7.77 7.38 7.11 7.48 7.55 7.20 7.29 7.24 7.29 7.08 7.36 6.85 6.22 6.33 6.59 7.06 8.93 6.39 3.81 
50.38 7.74 7.50 7.75 7.38 7.08 7.45 7.55 7.27 7.34 7.26 7.36 7.12 7.42 6.96 6.28 6.45 6.61 7.22 9.20 6.41 3.79 
50.58 7.74 7.62 7.74 7.41 7.11 7.47 7.55 7.36 7.38 7.36 7.41 7.12 7.49 7.05 6.35 6.52 6.64 7.36 9.20 6.42 3.78 
50.77 7.66 7.74 7.75 7.45 7.18 7.50 7.57 7.42 7.45 7.47 7.43 7.10 7.49 7.13 6.45 6.57 6.73 7.47 9.00 6.51 3.76 
50.96 7.67 7.87 7.84 7.50 7.27 7.55 7.64 7.50 7.63 7.57 7.47 7.06 7.47 7.22 6.56 6.63 6.73 7.58 8.81 6.62 3.86 
51.15 7.69 7.97 7.91 7.59 7.36 7.60 7.71 7.59 7.77 7.60 7.50 7.05 7.43 7.20 6.66 6.70 6.73 7.68 8.62 6.74 3.99 
51.35 7.73 8.08 7.99 7.66 7.47 7.62 7.78 7.68 7.91 7.64 7.53 7.05 7.40 7.19 6.77 6.78 6.77 7.79 8.43 6.86 4.09 01 
51.54 7.78 8.16 8.02 7.69 7.56 7.81 7.78 7.75 8.04 7.64 7.57 7.05 7.34 7.17 6.87 6.87 6.80 7.75 8.25 6.95 4.20 CIO 
51.73 7.85 8.25 8.06 7.73 7.68 8.01 7.76 7.81 8.13 7.64 7.59 7.05 7.29 7.15 6.98 6.94 6.87 7.70 8.08 7.05 4.28 
51.92 7.94 8.32 8.11 7.80 7.84 8.22 7.74 7.88 8.18 7.64 7.60 7.05 7.22 7.12 7.06 6.98 6.94 7.65 7.92 7.10 4.34 H 
52.12 8.06 8.41 8.18 7.88 8.00 8.50 7.78 7.95 8.20 7.66 7.62 7.05 7.24 7.08 7.24 7.03 6.99 7.59 7.78 7.13 4.39 
52.31 8.18 8.50 8.24 7.97 8.15 8.78 7.85 8.02 8.20 7.67 7.66 7.05 7.27 7.03 7.40 7.05 7.05 7.54 7.66 7.17 4.42 
52.50 8.29 8.57 8.31 8.06 8.27 9.04 7.95 8.09 8.24 7.73 7.69 7.08 7.36 6.96 7.67 7.03 7.08 7.49 7.55 7.19 4.42 
52.69 8.39 8.53 8.36 8.11 8.36 9.28 8.06 8.16 8.27 7.73 7.73 7.12 7.47 6.91 7.94 7.01 7.10 7.45 7.45 7.24 4.41 
52.88 8.50 8.51 8.41 8.18 8.43 9.51 8.15 8.25 8.25 7.74 7.76 7.20 7.58 6.87 8.18 7.01 7.08 7.45 7.52 7.22 4.39 
53.08 8.50 8.50 8.43 8.27 8.48 9.72 8.18 8.31 8.13 7.76 7.78 7.29 7.68 6.85 8.43 7.05 7.05 7.45 7.59 7.20 4.25 
53.27 8.53 8.48 8.47 8.34 8.56 9.93 8.23 8.36 8.06 7.83 7.80 7.36 7.77 6.82 8.65 7.08 7.01 7.47 7.66 7.19 4.09 
53.46 8.57 8.46 8.52 8.41 8.59 10.16 8.29 8.40 7.97 7.90 7.81 7.41 7.77 6.80 8.85 7.06 6.98 7.49 7.73 7.17 4.00 
53.65 8.58 8.46 8.57 8.48 8.65 10.17 8.36 8.43 7.90 7.97 7.74 7.45 7.77 6.89 9.04 7.06 6.94 7.50 7.78 7.17 3.89 
53.85 8.60 8.51 8.63 8.53 8.68 10.19 8.43 8.47 7.86 8.01 7.71 7.50 7.79 6.98 9.23 7.06 6.92 7.50 7.81 7.17 3.78 
54.04 8.62 8.60 8.68 8.55 8.70 10.19 8.50 8.50 7.88 8.02 7.69 7.55 7.83 7.08 9.44 7.10 6.92 7.52 7.83 7.20 3.68 
54.23 8.64 8.69 8.81 8.57 8.72 10.17 8.55 8.54 7.91 8.04 7.73 7.60 7.77 7.19 9.55 7.15 6.96 7.56 7.83 7.22 3.59 
54.42 8.65 8.78 8.95 8.58 8.73 10.14 8.58 8.57 7.97 8.06 7.74 7.69 7.74 7.31 9.63 7.20 7.06 7.61 7.83 7.24 - 
54.62 8.65 8.88 9.07 8.62 8.77 10.02 8.58 8.61 8.00 8.04 7.74 7.78 7.70 7.47 9.55 7.27 7.19 7.68 7.81 7.26 - 
54.81 8.65 8.99 9.22 8.67 8.81 9.90 8.57 8.61 8.06 8.02 7.74 7.87 7.70 7.64 9.37 7.36 7.33 7.74 7.80 7.24 - 
55.00 8.64 9.07 9.38 8.71 8.84 9.74 8.53 8.57 8.15 8.01 7.73 7.90 7.70 7.81 9.21 7.45 7.45 7.79 7.73 7.22 - 
55.19 8.62 9.14 9.52 8.71 8.86 9.56 8.48 8.54 8.24 8.06 7.69 7.95 7.72 7.97 9.07 7.52 7.59 7.86 7.66 7.20 - 
55.38 8.58 9.21 9.64 8.69 8.84 9.37 8.41 8.52 8.29 8.11 7.64 7.97 7.75 8.13 8.95 7.60 7.73 7.93 7.59 7.19 - 
55.58 8.55 9.27 9.75 8.67 8.84 9.18 8.34 8.50 8.38 8.16 7.59 7.97 7.88 8.27 8.88 7.74 7.86 8.00 7.57 7.17 - 
55.77 8.53 9.28 9.86 8.64 8.82 9.00 8.27 8.50 8.45 8.16 7.62 7.97 8.02 8.30 8.81 7.85 7.98 8.04 7.59 7.17 - 
55.96 8.55 9.27 9.96 8.62 8.84 8.88 8.20 8.50 8.52 8.18 7.66 7.95 8.15 8.34 8.74 7.97 8.08 8.07 7.62 7.19 - 
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10.05 8.67 8.91 8.65 8.09 8.50 
- 	 - 
8.61 8.22 
., 





ö.0 .16 8.09 7.67 7.20 	- 


























8.59 8.23 7.64 7.90 8.57 8.43 8.39 8.34 8.23 8.09 7.88 
- 
7.48 	- 







7.88 8.57 8.39 8.36 8.37 8.21 8.10 8.01 7.52 	- 







8.30 8.37 8.16 8.07 8.11 7.56 	- 
































7.62 7.85 8.39 8.11 8.04 8.29 8.04 - 8.32 
- 
- 	 - 











8.25 8.04 - 8.33 - 	 - 
8.84 8.37 7.81 7.80 7.53 7.86 7.77 7.66 7.50 7.86 8.24 7.92 7.88 
8.22 
8.20 
8.04 - - - 	 - 
8.86 8.31 7.73 7.69 7.50 7.82 7.73 7.63 7.46 7.82 - 7.88 7.87 8.19 







7.61 7.46 7.79 7.69 7.59 7.44 - 







- 	 - 
- 	 - 





7.78 7.65 7.52 7.40 - - 7.84 7.86 8.17 - - - - 	 - 










- 7.80 7.86 8.19 - - - - 	 - 
- 
- 7.76 7.85 8.21 - - - - 	 - 
56.35 8.58 9.16 
56.54 8.60 9.07 
56.73 8.62 8.99 
56.92 8.64 8.90 
57.12 8.65 8.83 
57.31 8.67 8.78 
57.50 8.69 8.71 
57.69 8.72 8.53 
57.88 8.74 8.37 
58.08 8.65 8.22 
58.27 8.57 8.09 
58.46 8.44 7.97 
58.65 8.32 7.88 
58.85 8.29 7.83 
59.04 8.25 7.76 
59.23 8.20 7.64 
59.42 8.13 7.50 
59.62 8.04 7.34 
Cn 
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11.00 	10.51 	9.51 	8.52 	7.52 	6.51 	5.52 	5.02 	4.51 
along 
wcill 
Clot thickness (mm) 
0.19 3.40 3.53 3.37 3.40 3.89 3.78 3.14 2.81 - 
0.38 3.41 3.53 3.42 3.43 3.84 3.79 3.13 2.77 - 
0.58 3.41 3.53 3.46 3.46 3.80 3.80 3.15 2.75 - 
0.77 3.44 3.53 3.49 3.50 3.77 3.80 3.18 2.72 - 
0.96 3.46 3.55 3.51 3.54 3.76 3.81 3.21 2.75 - 
1.15 3.46 3.58 3.53 3.57 3.76 3.78 3.23 2.76 - 
1.35 3.48 3.62 3.58 3.62 3.73 3.76 3.25 2.78 - 
1.54 3.50 3.65 3.64 3.67 3.71 3.74 3.27 2.82 - 
1.73 3.50 3.71 3.69 3.71 3.69 3.69 3.27 2.85 - 
1.92 3.50 3.74 3.71 3.74 3.67 3.64 3.25 2.83 - 
2.12 3.51 3.80 3.73 3.76 3.69 3.58 3.25 2.83 - 
2.31 3.53 3.83 3.73 3.78 3.69 3.53 3.27 2.83 - 
2.50 3.53 3.85 3.73 3.78 3.71 3.50 3.27 2.83 2.24 
2.69 3.55 3.87 3.73 3.78 3.73 3.48 3.25 2.83 2.17 
2.88 3.55 3.90 3.73 3.76 3.73 3.46 3.20 2.83 2.12 
3.08 3.55 3.94 3.73 3.74 3.71 3.44 3.15 2.80 2.09 
3.27 3.57 3.94 3.73 3.72 3.69 3.46 3.09 2.78 2.07 
3.46 3.58 3.94 3.73 3.71 3.67 3.46 3.08 2.76 2.05 
3.65 3.60 3.95 3.73 3.69 3.65 3.44 3.06 2.71 2.02 
3.85 3.62 3.92 3.73 3.65 3.64 3.44 3.04 2.66 2.00 
4.04 3.64 3.92 3.74 3.62 3.64 3.44 3.02 2.64 1.98 
4.23 3.64 - 3.76 3.60 3.62 3.46 3.01 2.60 1.96 
4.42 3.64 - 3.78 3.60 3.62 3.48 2.97 2.58 1.94 
4.62 3.65 - 3.80 3.60 3.60 3.46 2.94 2.58 1.98 
4.81 3.67 - 3.81 3.60 3.58 3.43 2.88 2.58 2.03 
5.00 3.67 - 3.81 3.60 3.58 3.39 2.85 2.58 2.08 
5.19 3.67 - 3.81 3.60 3.58 3.39 2.83 2.58 2.12 
5.38 3.64 - 3.81 3.62 3.58 3.39 2.83 2.57 2.16 
5.58 3.60 - 3.81 3.62 3.57 3.41 2.83 2.57 2.19 
5.77 3.58 - 3.81 3.62 3.55 3.43 2.85 2.58 2.22 
5.96 3.57 - 3.81 3.64 3.53 3.44 2.87 2.60 2.25 
6.15 3.55 - 3.80 3.67 3.49 3.46 2.90 2.62 2.26 
6.35 3.53 3.79 3.78 3.71 3.46 3.46 2.94 2.64 2.26 
6.54 3.51 3.75 3.74 3.72 3.42 3.46 2.97 2.66 2.26 
6.73 3.48 3.73 3.69 3.74 3.40 3.50 3.01 2.67 2.26 
6.92 3.39 3.68 3.60 3.69 3.35 3.51 3.04 2.67 2.26 
7.12 3.32 3.63 3.53 3.64 3.30 3.48 3.08 2.67 2.26 
7.31 3.25 3.57 3.46 3.58 3.24 3.41 3.09 2.67 2.24 
7.50 3.25 3.48 3.40 3.50 3.19 3.34 3.09 2.67 2.22 
7.69 3.25 3.39 3.35 3.43 3.16 3.27 3.08 2.66 2.20 
7.88 3.23 3.32 3.30 3.37 3.14 3.22 3.02 2.65 2.19 
8.08 3.22 3.28 3.26 3.34 3.14 3.18 2.94 2.64 2.17 
8.27 3.20 3.28 3.23 3.29 3.14 3.15 2.85 2.62 2.17 
8.46 3.18 3.28 3.19 3.23 3.14 3.13 2.76 2.61 2.17 
8.65 3.16 3.30 3.17 3.20 3.16 3.13 2.67 2.58 2.17 
8.85 3.16 3.32 3.19 3.18 3.17 3.11 2.62 - 2.15 
9.04 3.20 3.35 3.26 3.23 3.23 3.13 2.59 - 2.13 
9.23 3.25 3.40 3.33 3.29 3.28 3.20 2.55 - 2.12 
9.42 3.30 3.48 3.40 3.34 3.33 3.27 2.52 - 2.12 
9.62 3.32 3.55 3.44 3.41 3.39 3.23 2.48 - 2.12 
9.81 3.34 3.62 3.48 3.46 3.44 3.20 2.43 - 2.12 
10.00 3.36 3.67 3.51 3.48 3.46 3.16 2.41 - - 
10.19 3.37 3.69 3.51 3.46 3.46 3.18 2.43 - - 
10.38 3.39 3.69 3.51 3.44 3.46 3.20 2.47 - - 
10.58 3.41 3.67 3.51 3.44 3.46 3.22 2.50 - - 
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10.77 3.41 3.60 3.51 3.43 3.44 3.22 2.53 	- 	 - 
10.96 3.39 3.53 3.49 3.37 3.42 3.22 2.55 - 	 - 
11.15 3.34 3.46 3.46 3.32 3.39 3.20 2.57 	- 	 - 
11.35 3.27 3.37 3.42 3.27 3.33 3.16 2.60 - 	 - 
11.54 3.20 3.28 3.37 3.22 3.28 3.13 2.64 	- 	 - 
11.73 3.16 3.23 3.30 3.16 3.23 3.20 2.67 - 	 - 
11.92 3.13 3.19 3.23 3.15 3.19 3.27 2.73 	- 	 - 
12.12 3.09 3.14 3.16 3.16 3.17 3.34 2.76 - 	 - 
12.31 3.06 3.10 3.10 3.20 3.16 3.32 2.78 	- 	 - 
12.50 3.02 3.08 3.05 3.23 3.10 3.30 2.80 - 	 - 
12.69 2.97 3.07 3.01 3.25 3.05 3.27 2.80 	- 	 - 
12.88 2.92 3.10 2.98 3.27 3.01 3.25 2.80 - 	 - 
13.08 2.88 3.14 2.96 3.32 2.98 3.25 2.80 	- 	 - 
13.27 2.90 3.17 2.96 3.37 2.96 3.27 2.80 - 	 - 
13.46 2.92 3.23 2.99 3.43 2.96 3.29 2.78 	- 	 - 
13.65 2.92 3.30 3.05 3.48 2.99 3.30 2.78 - 	 - 
13.85 2.88 3.35 3.12 3.53 3.03 3.32 2.78 	- 	 - 
14.04 2.85 3.39 3.10 3.57 3.05 3.34 2.78 - 	 - 
14.23 2.81 3.35 3.08 3.58 3.03 3.36 2.78 	- 	 - 
14.42 2.78 3.32 3.07 3.58 3.01 3.39 2.80 - 	 - 
14.62 2.76 3.26 3.05 3.58 3.03 3.43 2.78 	- 	 - 
14.81 2.74 3.21 3.03 3.57 3.03 3.43 2.87 - 	 - 
15.00 2.71 3.14 3.01 3.57 3.03 3.41 2.94 	- 	 - 
15.19 2.67 3.07 2.99 3.55 3.03 3.41 3.01 - 	 - 
15.38 2.64 2.99 2.96 3.53 3.03 3.39 3.08 	- 	 - 
15.58 2.60 2.92 2.91 3.50 3.03 3.39 3.16 - 	 - 
15.77 2.60 2.83 2.85 3.46 2.98 3.39 3.23 	- 	 - 
15.96 2.60 2.75 2.80 3.43 2.92 3.39 3.22 - 	 - 
16.15 2.59 2.66 2.83 3.39 2.87 3.39 3.20 	- 	 - 
16.35 2.59 2.66 2.87 3.37 2.85 3.37 3.18 - 	 - 
16.54 2.60 2.66 2.91 3.37 2.83 3.30 3.16 	- 	 - 
16.73 2.60 2.66 2.92 3.41 2.80 3.23 3.15 - 	 - 
16.92 2.62 2.66 2.91 3.48 2.80 3.22 3.04 	- 	 - 
17.12 2.67 2.71 2.89 3.53 2.78 3.20 2.94 - 	 - 
17.31 2.73 2.78 2.85 3.58 2.76 3.13 2.88 	- 	 - 
17.50 2.76 2.85 2.82 3.62 2.75 3.06 2.82 - 	 - 
17.69 2.78 2.92 2.76 3.64 2.73 2.99 2.72 	- 	 - 
17.88 2.74 2.98 2.71 3.65 2.73 2.92 2.58 - 	 - 
18.08 2.71 3.01 2.67 3.65 2.73 2.85 2.56 	- 	 - 
18.27 2.73 3.05 2.64 3.64 2.73 2.78 - 	 - 	 - 
18.46 2.74 3.07 2.58 3.58 2.73 2.71 - 	 - 	 - 
18.65 2.72 3.10 2.55 3.60 2.72 2.71 - 	 - 	 - 
18.85 2.69 3.14 2.53 3.57 2.75 2.71 - 	 - 	 - 
19.04 2.66 3.19 2.52 3.51 2.75 2.69 - 	 - 	 - 
19.23 - 3.19 2.52 3.43 2.75 2.66 - 	 - 	 - 
19.42 - 3.17 2.52 3.33 - 2.66 - 	 - 	 - 
310 




13.50 12.00 11.50 11.00 10.52 9.50 8.52 7.52 6.52 5.51 5.02 4.52 4.00 3.52 	3.02 	2.52 
along Clot thickness (mm) wall 
0.19 - 5.77 - 4.84 - - - - - - - - 6.22 - 	- 	- 
0.38 - 5.77 - 5.00 - - - - - - - - 6.21 - - - 
0.58 - 5.77 5.83 5.12 6.18 - - - - - - - 6.23 - 	- 	- 
0.77 - 5.79 5.85 5.21 6.19 - - 5.87 - - - - 6.24 - - - 
0.96 5.54 5.81 5.87 5.31 6.20 - 5.85 - - - - 6.25 - 	- 	- 
1.15 5.58 5.82 5.88 5.38 6.19 - - 5.84 6.31 - - - 6.26 - - 	4.77 
1.35 5.58 5.82 5.87 5.72 6.18 - - 5.83 6.29 - - - 6.28 - 	- 	4.73 1.54 5.58 5.82 5.86 6.00 6.15 - - 5.85 6.27 - - - 6.29 - - 	4.73 
1.73 5.58 5.82 5.86 6.00 6.13 - - 5.86 6.26 - - 6.54 6.31 - 	- 	4.75 1.92 5.58 5.80 5.84 6.01 6.10 - - 5.87 6.25 - - 6.57 6.31 - - 	4.76 2.12 5.59 5.79 5.84 6.08 6.06 - - 5.91 6.24 - - 6.59 6.31 - 	- 	4.76 
2.31 5.59 5.77 5.86 6.17 6.02 - - 5.93 6.26 - - 6.58 6.33 - - 	4.74 CJD 2.50 5.59 5.77 5.86 6.26 5.99 - - 5.96 6.26 6.19 - 6.56 6.35 - 	- 	4.71 2.69 5.59 5.77 5.84 6.36 5.95 5.93 6.06 6.00 6.24 6.15 6.19 6.54 6.35 - - 	4.69 2.88 5.59 5.75 5.82 6.47 5.90 5.91 6.07 6.03 6.22 6.13 6.18 6.57 6.35 - 	- 	4.66 3.08 5.59 5.72 5.80 6.54 5.85 5.89 6.06 6.07 6.17 6.09 6.18 6.57 6.35 - - 	4.66 3.27 5.58 5.68 5.80 6.57 5.81 5.88 6.05 6.08 6.12 6.06 6.18 6.54 6.35 - 	- 	4.68 3.46 5.56 5.66 5.80 6.54 5.78 5.88 6.04 6.10 6.08 6.05 6.17 6.50 6.33 - - 	4.71 
3.65 5.54 5.66 5.80 6.54 5.76 5.91 6.03 6.10 6.05 6.05 6.17 6.47 6.29 - 	- - 
3.85 5.52 5.66 5.80 6.52 5.76 5.96 6.03 6.10 6.01 6.03 6.17 6.45 6.24 - - 	- 
4.04 5.52 5.70 5.80 6.47 5.76 6.01 6.01 6.08 5.98 6.03 6.15 6.43 6.19 - 	- - 
4.23 5.52 5.73 5.80 6.36 5.76 6.01 6.00 6.05 5.96 6.01 6.15 6.42 6.14 - - 	- 
4.42 5.52 5.75 5.80 6.26 5.76 6.00 5.96 6.03 5.93 6.00 6.14 6.42 6.10 - 	- - 
4.62 5.52 5.75 5.82 6.15 5.76 5.98 5.93 6.00 5.89 6.00 6.12 6.43 6.07 - - 	- 
4.81 5.52 5.75 5.84 6.03 5.78 5.96 5.89 5.98 5.87 6.01 6.10 6.43 6.03 - 	- - 
5.00 5.54 5.75 5.86 5.93 5.81 5.96 5.86 5.94 5.86 6.03 6.08 6.43 6.00 - - 	- 
5.19 5.56 5.77 5.86 5.82 5.83 5.94 5.86 5.91 5.87 6.05 6.07 6.43 5.96 - 	- - 
5.38 5.58 5.79 5.84 5.75 5.85 5.89 5.86 5.89 5.89 6.07 6.05 6.45 5.94 - - 	- 
5.58 5.61 5.80 5.82 5.75 5.86 5.82 5.84 5.89 5.91 6.08 6.03 6.47 5.94 - 	- - 
5.77 5.65 5.80 5.80 5.75 5.88 5.77 5.82 5.89 5.93 6.10 6.03 6.47 5.96 - - 	- 
5.96 5.68 5.80 5.79 5.75 5.90 5.70 5.79 5.89 5.94 6.12 6.03 6.43 6.00 - 	- - 
6.15 5.70 5.79 5.77 5.77 5.92 5.63 5.77 5.89 5.96 6.12 6.03 6.40 6.05 - - 	- 
6.35 5.72 5.77 5.75 5.77 5.90 5.63 5.75 5.89 5.94 6.12 6.03 6.36 6.10 - 	- - 
6.54 5.72 5.77 5.72 5.75 5.88 5.63 5.26 5.87 5.44 6.12 6.05 6.35 6.14 - - 	- 
6.73 5.70 5.77 5.68 5.73 5.86 5.63 4.77 5.86 5.40 6.08 6.05 6.33 6.17 - 	- - 
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MM 
along Clot thickness (mm) 
wall 
6.92 5.68 5.75 5.65 5.72 5.83 5.63 4.72 5.80 5.38 6.05 6.05 6.33 6.21 - 	 - 	 - 
7.12 5.65 5.73 5.61 5.68 5.79 5.65 4.69 5.79 5.37 6.03 6.03 6.33 6.24 - 	 - 	 - 
7.31 5.61 5.72 5.59 5.65 5.78 5.66 4.63 5.79 5.35 6.03 6.01 6.31 6.26 - 	 - 	
- k 
7.50 5.58 5.70 5.59 5.61 5.76 5.72 4.60 5.79 5.35 6.01 6.00 6.28 6.24 - 	 - 	 - 
7.69 5.54 5.68 5.63 5.58 5.74 5.77 4.60 5.77 5.33 5.98 5.98 6.22 6.21 - 	 - 	 - 
7.88 5.51 5.66 5.65 5.54 5.72 5.79 4.60 5.75 5.33 5.96 5.96 6.19 6.17 - 	 - 	 - 
8.08 5.47 5.65 5.66 5.51 5.70 5.80 4.62 5.75 5.33 5.94 5.96 6.19 6.01 - 	 - 	 - 
8.27 5.44 5.61 5.66 5.49 5.69 5.82 4.63 5.75 5.33 5.94 5.96 6.17 5.84 - 	 - 	 - 
8.46 5.40 5.58 5.66 5.49 5.69 5.82 4.67 5.75 5.35 5.94 5.96 6.15 5.65 4.13 	- 	 - 
8.65 5.40 5.54 5.66 5.49 5.69 5.82 5.17 5.77 5.86 5.93 5.96 6.14 5.45 4.15 - 	
- o 
8.85 5.42 5.51 5.68 5.49 5.69 5.80 5.68 5.73 5.87 5.94 5.98 6.12 5.26 4.16 	- 	 - 
9.04 5.42 5.51 5.68 5.49 5.69 5.79 5.73 5.72 5.87 5.94 6.00 6.10 5.07 4.17 	- 	 - 
9.23 5.42 5.51 5.68 5.49 5.70 5.77 5.73 5.68 5.87 5.93 6.03 6.08 4.88 4.13 - 	 - t?i 
9.42 5.42 5.49 5.68 5.51 5.72 5.75 5.73 5.66 5.87 5.91 6.05 6.08 4.71 4.11 	- 	 - 
9.62 5.42 5.47 5.66 5.51 5.72 5.72 5.72 5.66 5.86 5.91 6.07 6.08 4.55 4.09 - 	 - 
9.81 5.42 5.45 5.61 5.51 5.70 5.68 5.66 5.66 5.87 5.91 6.08 6.12 4.42 4.09 	- 	 - 
10.00 5.40 5.42 5.56 5.51 5.69 5.65 5.61 5.66 5.87 5.89 6.08 6.17 4.29 4.13 	- 	 - Cl) 
10.19 5.38 5.38 5.51 5.49 5.67 5.61 5.58 5.65 5.87 5.87 6.07 6.21 4.29 4.20 	- 	 - 
10.38 5.37 5.37 5.49 5.45 5.63 5.59 5.54 5.63 5.87 5.84 6.05 6.24 4.29 4.27 	- 	 - 
10.58 5.35 5.37 5.47 5.44 5.60 5.58 5.51 5.61 5.87 5.80 6.03 6.26 4.29 4.30 	- 	 - 
10.77 5.31 5.37 5.44 5.42 5.58 5.56 5.47 5.59 5.87 5.79 •6.00 6.24 4.29 4.32 - 	 - 
10.96 5.30 5.38 5.42 5.40 5.56 5.54 5.44 5.65 5.89 5.77 5.96 6.22 4.31 4.32 	- 	 - 
11.15 5.30 5.38 5.44 5.38 5.54 5.54 5.42 5.70 5.91 5.77 5.93 6.21 4.33 4.32 	- 	 - 
11.35 5.30 5.38 5.45 5.38 5.51 5.54 5.44 5.75 5.93 5.77 5.89 6.17 4.36 4.35 	- 	 - 
11.54 5.30 5.40 5.47 5.38 5.47 5.56 5.47 5.79 5.93 5.77 5.87 6.14 4.39 4.37 	- 	 - 
11.73 5.30 5.42 5.45 5.42 5.45 5.59 5.51 5.80 5.93 5.77 5.86 6.10 4.46 4.35 	- 	 - 
11.92 5.30 5.44 5.45 5.45 5.45 5.63 5.56 5.82 5.93 5.77 5.84 6.07 4.52 4.37 	- 	 - 
12.12 5.31 5.47 5.47 5.47 5.45 5.65 5.61 5.82 5.93 5.77 5.82 6.01 4.58 4.36 	- 	 - 
12.31 5.33 5.49 5.49 5.49 5.45 5.65 5.65 5.82 5.93 5.75 5.77 5.93 4.62 4.30 	- 	 - 
12.50 5.35 5.51 5.47 5.51 5.47 5.63 5.66 5.82 5.93 5.72 5.72 5.86 4.56 4.23 	- 	 - 
12.69 5.35 5.51 5.44 5.51 5.49 5.61 5.65 5.79 5.91 5.66 5.68 5.77 4.53 4.17 	- 	 - 
12.88 5.35 5.51 5.42 5.51 5.49 5.59 5.63 5.75 5.89 5.63 5.66 5.59 4.56 - 	 - 	 - 
13.08 5.33 5.49 5.38 5.51 5.49 5.59 5.61 5.72 5.87 5.59 5.65 5.42 4.57 - 	 - 	 - 
13.27 5.31 5.47 5.33 5.51 5.49 5.58 5.59 5.68 5.86 5.54 5.63 5.24 4.59 - 	 - 	 - 
13.46 5.30 5.45 5.28 5.49 5.49 5.56 5.58 5.65 5.84 5.49 5.59 5.07 4.59 - 	 - 	 - 
13.65 5.28 5.44 5.21 5.47 5.49 5.54 5.54 5.59 5.84 5.44 5.55 4.90 4.58 - 	 - 	 - 
13.85 5.26 5.42 5.17 5.47 5.49 5.51 5.51 5.54 5.82 5.40 5.50 4.76 - - 	 - 	 - 
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Clot thickness (mm) 
14.04 5.23 5.40 5.14 5.49 5.49 5.47 5.47 5.51 5.79 5.38 5.44 4.60 	- 	 - 	 - 	 - 
14.23 5.19 5.38 5.12 5.52 5.49 5.45 5.44 5.49 5.75 5.37 5.37 4.42 	- 	 - 	 - 	 - 
14.42 5.17 5.38 5.10 5.58 5.49 5.45 5.40 5.47 5.73 5.38 5.32 4.28 - 	 - 	 - 	
- k 14.62 5.17 5.38 5.10 5.63 5.49 5.45 5.38 5.45 5.72 5.42 5.27 4.13 	- 	 - 	 - 	 - 
14.81 5.19 5.38 5.12 5.66 5.51 5.45 5.38 5.49 5.72 5.47 5.20 4.00 	- 	 - 	 - 	 - 
15.00 5.21 5.38 5.14 5.68 5.54 5.45 5.38 5.52 5.70 5.42 5.11 3.99 - 	 - 	 - 
15.19 5.23 5.38 5.16 5.70 5.58 5.44 5.38 5.56 5.68 5.37 5.01 
- 
4.00 	- 	 - 	 - 	 - 
15.38 5.23 5.38 5.17 5.72 5.60 5.40 5.37 5.59 5.66 5.31 4.90 4.02 	- 	 - 	 - 	 - 
15.58 5.23 5.37 5.19 5.72 5.61 5.37 5.35 5.63 5.65 5.26 4.82 4.06 - 	 - 	 - 	 - 
15.77 5.19 5.35 5.23 5.72 5.63 5.35 5.33 5.65 5.63 5.21 4.74 4.09 	- 	 - 	 - 	 - 
15.96 5.17 5.33 5.26 5.68 5.65 5.35 5.31 5.66 5.61 5.12 4.70 4.09 - 	 - 	 - 	 - 
16.15 5.19 5.31 5.30 5.59 5.65 5.33 5.30 5.66 5.58 5.02 4.68 4.09 	- 	 - 	 - 	 - 
16.35 5.21 5.30 5.30 5.49 5.65 5.31 5.28 5.65 5.54 4.93 4.64 4.13 	- 	 - 	 - 	 - 
16.54 5.17 5.28 5.28 5.38 5.60 5.28 5.26 5.61 5.49 4.88 4.60 4.16 	- 	 - 	 - 	 - 
16.73 5.12 5.26 5.26 5.28 5.54 5.23 5.24 5.59 5.40 4.81 4.56 4.27 - 	 - 	 - 	 - 
16.92 5.07 5.23 5.23 5.17 5.47 5.16 5.19 5.51 5.30 4.74 4.53 4.37 	- 	 - 	 - 	 - 
17.12 5.02 5.17 5.19 5.10 5.38 5.09 5.14 5.40 5.21 4.76 4.51 4.44 - 	 - 	 - 	 - Cn 
17.31 4.97 5.10 5.16 5.02 5.29 5.03 5.09 5.28 5.14 4.77 4.52 4.46 	- 	 - 	 - 	 - 
17.50 4.93 5.03 5.14 4.93 5.20 5.00 5.05 5.16 5.09 4.81 4.53 4.48 	- 	 - 	 - 	 - 
17.69 4.90 4.95 5.12 4.84 5.13 4.95 5.03 5.03 5.05 4.84 4.54 4.49 - 	 - 	 - 	 - 
17.88 4.90 4.86 5.12 4.76 5.06 4.88 5.02 5.02 5.02 4.90 4.56 4.49 	- 	 - 	 - 	 - 
18.08 4.88 4.79 5.09 4.70 4.99 4.81 5.00 5.00 4.98 4.97 4.52 4.49 	- 	 - 	 - 	 - 
18.27 4.84 4.74 5.03 4.69 4.94 4.76 4.98 4.98 4.96 5.02 - 4.48 - 	 - 	 - 	 - 
18.46 4.81 4.69 5.00 4.69 4.90 4.70 4.95 4.98 4.93 5.05 - 4.44 	- 	 - 	 - 	 - 
18.65 4.81 4.64 4.98 4.69 4.94 4.67 4.90 5.00 4.89 5.02 - 4.41 	- 	 - 	 - 	 - 
18.85 4.81 4.57 4.97 4.69 4.96 4.65 4.87 5.00 4.90 5.02 - 4.34 	- 	 - 	 - 	 - 
19.04 4.81 4.51 4.98 4.70 4.96 4.66 4.87 5.05 - 5.02 - 4.27 	- 	 - 	 - 	 - 
19.23 4.81 4.46 5.00 4.69 4.96 4.66 4.88 5.10 - 5.02 - 4.21 - 	 - 	 - 	 - 
19.42 4.81 - 5.00 4.67 4.97 4.64 4.89 5.17 - 5.03 - 4.18 	- 	 - 	 - 	 - 
19.62 - - 4.97 4.55 5.00 4.62 4.90 5.26 - 5.03 - 4.13 	- 	 - 	 - 	 - 
19.81 - - 4.94 4.44 5.01 - - 5.38 - - - 4.07 	- 	 - 	 - 	 - 
20.00 - - - 4.34 5.03 - - 5.38 - - - 4.04 - 	 - 	 - 	 - 
20.19 - - - 4.20 - - - - - - 
- 4.02 	- 	 - 	 - 	 - 
20.38 - - - 4.06 - - - - - - 
- 4.02 	- 	 - 	 - 	 - 
20.58 - - - 3.92 - - - - - - 
- 4.01 - 	 - 	 - 	 - 20.77 - - 
- 3.79 - - - - - - 
- 4.01 	- 	 - 	 - 	 - 20.96 - - 
- 3.67 - - - - - - 
- 3.97 	- 	 - 	 - 	 - 
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Clot thickness (mm) 
21.15 	- - 	 - 	 3.55 
21.35 - - 	 - 	 3.44 
21.54 	- - 	 - 	 3.37 
21.73 - - 	 - 	 3.41 
21.92 	- - 	 - 	 3.44 
22.12 - - 	 - 	 3.48 
22.31 	- - 	 - 	 3.51 
22.50 - - 	 - 	 3.55 
22.69 	- - 	 - 	 3.58 
22.88 - - 	 - 	 3.60 
23.08 	- - 	 - 	 3.64 
23.27 - - 	 - 	 3.67 
23.46 	- - 	 - 	 3.72 
23.65 - - 	 - 	 3.76 
23.85 	- - 	 - 	 3.81 
24.04 - - 	 - 	 3.88 
24.23 	- - 	 - 	 3.95 
24.42 - - 	 - 	 4.02 
24.62 	- - 	 - 	 4.21 
24.81 - - 	 - 	 4.41 
25.00 	- - 	 - 	 4.56 
25.19 - - 	 - 	 4.69 
25.38 	- - 	 - 	 4.81 
25.58 - - 	 - 	 4.91 
25.77 	- - 	 - 	 5.02 
25.96 - - 	 - 	 5.10 
26.15 	- - 	 - 	 5.16 
26.35 - - 	 - 	 5.21 
26.54 	- - 	 - 	 5.28 
26.73 - - 	 - 	 5.23 
26.92 	- - 	 - 	 5.09 
27.12 - - 	 - 	 4.97 	.. 
27.31 	- - 	 - 	 4.86 	.. 
27.50 - - 	 - 	 4.76 	.. 
27.69 	- - 	 - 	 4.63 
27.88 - - 	 - 	 4.49 	- 
28.08 	- - 	 - 	 4.35 





Continued from previous page 
MM 
along Clot thickness (mm) 
wall 
28.27 - - - 4.23 - - - - - - - - - - - 	 - 
28.46 - - - 4.11 - - - - - - - - - - - 	 - 
28.65 - - - 3.97  
28.85 - - - 3.81 - - - - - - - - - - - 	 - 
29.04 - - - 3.74 - - - - - - - - - - - 	 - 
29.23 - - - 3.69 - - - - - - - - - - - 	 - 
29.42 - - - 3.64 - - - - - - - - - - - 	 - 
29.62 - - - 3.57 - - - - - - - - - - - 	 - 
29.81 - - - 3.51 - - - - - - - - - - - 	
- 
30.00 - - - 3.48 - - - - - - - - - - 
- 30.19 - - - 3.44 - - - - - - - - - - 
- 
- 	 - 
o 
Tj 
30.38 - - - 3.41 - - - - - - - - - - - 	 - 
30.58 - - - 3.37 - - - - - - - - - - - 	 - 01 
30.77 - - - 3.34 - - - - - - - - - - 3.88 	- Cn 
30.96 - - - 3.32 - 4.20 - - - - 3.85 - 3.97 3.91 3.87 	- Ci 
31.15 - - - 3.30 - 4.20 - 4.23 - - 3.85 - 3.93 3.87 3.85 	- 
31.35 - - - 3.39 4.54 4.21 - 4.23 4.26 - 3.85 - 3.87 3.85 3.82 	- CI 
31.54 4.62 - - 3.48 4.57 4.21 - 4.23 4.31 - 3.85 - 3.82 3.82 3.79 	- 
31.73 4.62 - - 3.60 4.58 4.21 4.23 4.25 4.35 - 3.85 3.85 3.79 3.81 3.76 	- 
31.92 4.62 4.39 4.26 3.72 4.60 4.23 4.23 4.27 4.38 - 3.85 3.85 3.79 3.79 3.72 	- 
32.12 4.62 4.42 4.31 3.88 4.63 4.25 4.23 4.27 4.40 - 3.88 3.85 3.78 3.74 3.72 	- 
32.31 4.63 4.47 4.35 4.07 4.63 4.30 4.23 4.25 4.42 4.01 3.92 3.85 3.74 3.74 3.72 	- 
32.50 4.67 4.53 4.38 4.27 4.65 4.34 4.25 4.23 4.44 4.04 3.95 3.87 3.72 3.74 3.74 	- 
32.69 4.70 4.56 4.40 4.37 4.67 4.37 4.28 4.21 4.42 4.06 3.97 3.90 3.71 3.76 3.78 	- 
32.88 4.74 4.56 4.42 4.48 4.69 4.39 4.32 4.21 4.41 4.08 3.99 3.93 3.71 3.78 3.81 	- 
33.08 4.77 4.60 4.46 4.60 4.71 4.42 4.35 4.21 4.41 4.10 4.00 3.97 3.72 3.79 3.85 	- 
33.27 4.81 4.63 4.49 4.72 4.72 4.46 4.39 4.23 4.48 4.11 4.02 3.99 3.74 3.83 3.90 	- 
33.46 4.81 4.67 4.56 4.74 4.72 4.49 4.42 4.27 4.53 4.14 4.04 4.00 3.78 3.86 3.95 	- 
33.65 4.81 4.69 4.63 4.76 4.74 4.53 4.46 4.30 4.56 4.18 4.06 4.02 3.81 3.90 4.00 	- 
33.85 4.81 4.69 4.70 4.76 4.78 4.56 4.49 4.32 4.60 4.21 4.09 4.04 3.86 3.95 4.06 	- 
34.04 4.81 4.67 4.76 4.74 4.83 4.58 4.55 4.34 4.63 4.23 4.13 4.06 3.88 4.00 4.11 	- 
34.23 4.81 4.65 4.77 4.69 4.87 4.60 4.60 4.35 4.65 4.23 4.13 4.09 3.92 4.06 4.13 	- 
34.42 4.81 4.62 4.77 4.60 4.92 4.60 4.63 4.39 4.65 4.23 4.13 4.14 3.95 4.09 4.14 	- 
34.62 4.77 4.56 4.76 4.53 4.94 4.60 4.67 4.44 4.63 4.21 4.11 4.18 3.99 4.13 4.13 	- 
34.81 4.74 4.53 4.74 4.56 4.96 4.60 4.69 4.49 4.67 4.20 4.11 4.20 4.00 4.16 4.11 	- 
35.00 4.69 4.51 4.72 4.60 4.96 4.62 4.69 4.56 4.72 4.16 4.11 4.20 4.02 4.20 4.09 	- 
35.19 4.63 4.51 4.70 4.62 4.96 4.62 4.69 4.63 4.77 4.13 4.13 4.20 4.04 4.23 4.07 	- 
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35.38 4.58 4.51 4.69 4.63 4.96 4.60 4.69 4.69 4.74 4.09 4.16 4.21 4.06 4.27 4.06 - 
35.58 4.56 4.51 4.63 4.67 4.96 4.58 4.67 4.72 4.70 4.09 4.20 4.23 4.07 4.30 4.04 - 
35.77 4.55 4.48 4.60 4.70 4.90 4.55 4.65 4.76 4.65 4.11 4.21 4.25 4.07 4.32 4.06 - k 
35.96 4.53 4.44 4.55 4.67 4.83 4.51 4.63 4.76 4.60 4.14 4.20 4.27 4.07 4.32 4.07 - 
36.15 4.49 4.42 4.49 4.65 4.74 4.48 4.60 4.74 4.55 4.18 4.18 4.28 4.07 4.30 4.07 - 
36.35 4.46 4.41 4.46 4.63 4.65 4.44 4.56 4.74 4.49 4.20 4.14 4.27 4.04 4.28 4.09 
- H 
36.54 4.41 4.39 4.42 4.63 4.56 4.41 4.55 4.74 4.46 4.20 4.11 4.21 4.00 4.27 4.09 - 
36.73 4.37 4.37 4.41 4.63 4.53 4.39 4.53 4.72 4.46 4.21 4.09 4.16 3.97 4.25 4.11 - 
36.92 4.35 4.37 4.41 4.62 4.49 4.39 4.51 4.72 4.44 4.23 4.09 4.11 3.95 4.23 4.11 - 
37.12 4.35 4.37 4.41 4.60 4.46 4.39 4.51 4.69 4.42 4.27 4.09 4.07 3.93 4.20 4.11 
- 
37.31 4.35 4.37 4.41 4.56 4.42 4.39 4.49 4.65 4.39 4.30 4.07 4.04 3.92 4.16 4.09 3.79 
37.50 4.39 4.37 4.39 4.49 4.39 4.41 4.48 4.62 4.37 4.34 4.04 4.00 3.90 4.13 4.09 3.81 
37.69 4.41 4.37 4.35 4.41 4.33 4.41 4.46 4.60 4.35 4.34 4.00 3.99 3.92 4.07 4.09 3.85 
37.88 4.41 4.39 4.30 4.32 4.31 4.42 4.44 4.56 4.35 4.34 3.99 3.97 3.95 4.04 4.07 3.88 
38.08 4.41 4.41 4.27 4.30 4.30 4.44 4.42 4.55 4.34 4.32 3.99 3.95 3.99 4.00 4.04 3.88 
38.27 4.42 4.42 4.23 4.30 4.28 4.44 4.41 4.53 4.30 4.28 3.99 3.95 4.00 3.99 4.02 3.89 H 
38.46 4.44 4.44 4.20 4.30 4.26 4.44 4.41 4.49 4.27 4.27 3.99 3.97 4.04 3.97 4.00 3.92 
38.65 4.46 4.46 4.21 4.28 4.24 4.44 4.39 4.46 4.23 4.27 3.99 4.00 4.09 3.95 4.00 3.96 
38.85 4.48 4.48 4.23 4.25 4.19 4.42 4.35 4.42 4.20 4.27 3.99 4.04 4.14 3.93 3.99 3.96 
39.04 4.51 4.48 4.20 4.21 4.15 4.41 4.32 4.39 4.16 4.25 3.97 4.07 4.18 3.90 3.97 3.96 
39.23 4.55 4.44 4.16 4.20 4.14 4.41 4.27 4.35 4.11 4.23 3.95 4.09 4.21 3.92 3.95 3.96 
39.42 4.56 4.39 4.13 4.20 4.15 4.41 4.23 4.32 4.07 4.20 3.93 4.11 4.25 3.93 3.97 3.98 
39.62 4.51 4.34 4.11 4.23 4.19 4.39 4.21 4.28 4.04 4.18 3.93 4.14 4.28 3.95 3.97 3.99 
39.81 4.46 4.28 4.11 4.27 4.24 4.39 4.21 4.23 4.04 4.18 3.93 4.16 4.28 4.02 3.97 3.99 
40.00 4.42 4.25 4.11 4.30 4.30 4.39 4.21 4.20 4.04 4.16 3.93 4.18 4.30 4.09 3.97 3.99 
40.19 4.39 4.21 4.13 4.32 4.33 4.39 4.21 4.18 4.06 4.14 3.93 4.20 4.30 4.16 3.99 4.01 
40.38 4.35 4.20 4.14 4.32 4.37 4.39 4.20 4.18 4.09 4.13 3.95 4.18 4.28 4.23 3.99 4.03 
40.58 4.32 4.18 4.18 4.32 4.39 4.39 4.16 4.23 4.13 4.11 3.99 4.16 4.25 4.30 3.99 4.03 
40.77 4.28 4.18 4.18 4.32 4.40 4.37 4.14 4.28 4.13 4.09 4.02 4.14 4.21 4.35 3.97 4.03 
40.96 4.25 4.16 4.18 4.32 4.44 4.35 4.13 4.34 4.13 4.06 4.04 4.13 4.18 4.42 3.97 4.03 
41.15 4.20 4.14 4.21 4.32 4.46 4.32 4.11 4.37 4.13 4.04 4.04 4.11 4.16 4.49 3.97 4.03 
41.35 4.14 4.16 4.23 4.30 4.47 4.28 4.13 4.41 4.13 4.02 4.04 4.11 4.14 4.53 3.97 4.03 
41.54 4.11 4.20 4.23 4.28 4.46 4.25 4.14 4.44 4.11 4.02 4.06 4.11 4.13 4.56 3.95 4.01 
41.73 4.13 4.23 4.23 4.27 4.42 4.23 4.14 4.48 4.09 4.00 4.06 4.09 4.11 4.56 3.92 3.98 
41.92 4.16 4.27 4.25 4.27 4.39 4.23 4.16 4.51 4.07 3.97 4.06 4.07 4.09 4.53 3.90 3.94 
42.12 4.21 4.30 4.28 4.27 4.35 4.21 4.18 4.53 4.06 3.93 4.06 4.06 4.06 4.49 3.86 3.90 
42.31 4.27 4.34 4.30 4.28 4.33 4.18 4.20 4.53 4.02 3.90 4.06 4.04 4.02 4.46 3.86 3.88 
Continues on following page... 
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wall 
42.50 4.30 4.35 4.32 4.28 4.33 4.16 4.23 4.53 3.97 3.90 4.04 4.04 4.04 4.42 3.86 3.86 
42.69 4.30 4.37 4.32 4.28 4.35 4.14 4.27 4.51 3.92 3.90 4.02 4.06 4.09 4.39 3.86 3.85 
42.88 4.30 4.37 4.32 4.30 4.37 4.14 4.30 4.49 3.91 3.93 4.00 4.09 4.13 4.37 3.88 3.84 k 
43.08 4.32 4.39 4.32 4.32 4.39 4.14 4.34 4.48 3.92 3.97 4.00 4.11 4.14 4.34 3.90 3.82 
43.27 4.34 4.41 4.30 4.34 4.40 4.14 4.37 4.44 3.93 4.00 4.02 4.13 4.16 4.30 3.88 - 
43.46 4.35 4.42 4.30 4.35 4.40 4.11 4.39 4.39 3.95 4.04 4.04 4.14 4.20 4.25 3.86 - 
43.65 4.37 4.42 4.32 4.34 4.44 4.07 4.42 4.32 3.97 4.07 4.04 4.14 4.23 4.20 3.86 - 
43.85 4.37 4.42 4.34 4.30 4.47 4.02 4.46 4.25 3.97 4.13 4.02 4.14 4.27 4.17 3.88 - 
44.04 4.37 4.42 4.34 4.25 4.49 3.95 4.46 4.18 3.93 4.18 4.00 4.14 4.30 4.14 3.88 - 
44.23 4.35 4.42 4.32 4.21 4.47 3.92 4.44 4.13 3.90 4.23 3.99 4.14 4.34 4.10 3.90 
- o 
44.42 4.34 4.42 4.32 4.18 4.46 3.90 442 4.13 3.90 4.28 3.97 4.14 4.37 4.06 3.88 - 171 
44.62 4.34 4.42 4.32 4.16 4.44 3.88 4.41 4.14 3.92 4.30 3.95 4.13 4.37 4.00 3.88 - 
44.81 4.37 4.42 4.32 4.14 4.44 3.86 4.37 4.16 3.95 4.32 3.95 4.09 4.37 3.97 3.88 - LZI 
45.00 4.41 4.42 4.32 4.13 4.44 3.85 4.34 4.18 3.97 4.30 3.95 4.06 4.37 3.93 3.88 - 
45.19 4.42 4.42 4.32 4.13 4.44 3.85 4.32 4.14 3.99 4.32 3.95 4.04 4.37 3.92 3.86 - 
45.38 4.44 4.44 4.35 4.13 4.44 3.88 4.32 4.16 4.00 4.34 3.95 4.02 4.39 3.90 3.88 3.95 H 
45.58 4.44 4.48 4.39 4.11 4.46 3.93 4.32 4.23 4.02 4.35 3.95 4.00 4.39 3.90 3.92 3.92 U) 
45.77 4.42 4.51 4.42 4.13 4.44 3.97 4.28 4.30 4.02 4.37 3.95 4.00 4.37 3.90 3.95 3.90 
45.96 4.41 4.55 4.46 4.14 4.42 4.00 4.23 4.35 4.04 4.35 3.97 4.02 4.35 3.91 3.97 3.88 
46.15 4.39 4.56 4.48 4.16 4.42 4.02 4.20 4.39 4.06 4.32 3.97 4.02 4.34 3.94 3.99 3.86 
46.35 4.37 4.53 4.51 4.14 4.47 4.02 4.14 4.42 4.06 4.28 3.95 4.04 4.32 3.96 4.00 3.85 
46.54 4.34 4.49 4.49 4.13 4.53 4.02 4.09 4.41 4.05 4.28 3.95 4.06 4.32 3.99 4.02 3.83 
46.73 4.30 4.46 4.48 4.11 4.58 4.02 4.06 4.37 4.05 4.32 3.96 4.11 4.34 4.02 4.00 3.79 
46.92 4.27 4.44 4.46 4.13 4.62 4.02 4.04 4.34 4.06 4.35 3.96 4.16 4.34 4.04 3.99 3.75 
47.12 4.23 4.42 4.42 4.13 4.65 4.06 4.04 4.30 4.07 4.37 3.98 4.20 4.34 4.06 3.97 3.74 
47.31 4.20 4.39 4.39 4.13 4.67 4.09 4.02 4.32 4.09 4.37 3.99 4.25 4.35 4.06 3.97 3.74 
47.50 4.11 4.34 4.34 4.13 4.67 4.09 4.00 4.30 4.09 4.39 3.99 4.28 4.35 4.06 3.97 3.75 
47.69 4.02 4.25 4.28 4.14 4.67 4.04 3.99 4.25 4.07 4.39 3.99 4.32 4.32 4.06 3.95 3.79 
47.88 3.95 4.14 4.27 4.14 4.63 4.02 3.97 4.20 4.07 4.39 3.99 4.35 4.30 4.06 3.92 3.83 
48.08 3.88 4.04 4.25 4.14 4.62 4.02 3.95 4.14 4.07 4.39 3.99 4.37 4.28 4.06 3.88 3.89 
48.27 3.81 3.93 4.21 4.13 4.58 4.02 3.93 4.11 4.06 4.41 4.01 4.41 4.27 4.06 3.85 3.96 
48.46 3.76 3.88 4.14 4.13 4.49 4.02 3.93 4.07 4.04 4.42 4.03 4.42 4.27 4.06 3.81 4.03 
48.65 3.72 3.83 4.11 4.13 4.40 4.02 3.93 4.06 4.01 4.39 4.03 4.42 4.25 4.06 3.79 4.12 
48.85 3.67 3.79 4.07 4.13 4.31 4.02 3.92 4.04 3.98 4.32 4.03 4.41 4.23 4.06 3.79 4.17 
49.04 3.62 3.76 4.04 4.09 4.22 4.02 3.90 4.00 3.95 4.25 4.00 4.37 4.23 4.06 3.76 4.22 
49.23 3.58 3.72 4.02 4.04 4.12 3.99 3.88 3.97 3.92 4.20 3.97 4.34 4.23 4.06 3.72 4.26 
49.42 3.58 3.69 4.00 3.97 4.03 3.93 3.86 3.93 3.88 4.14 3.93 4.30 4.23 4.04 3.69 4.31 
Continues on following page... CIO 
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49.62 3.62 3.65 3.99 3.90 3.96 3.88 3.83 3.90 3.83 4.07 3.92 4.28 4.23 4.02 3.67 	4.36 49.81 3.67 3.65 3.97 3.83 3.89 3.85 3.79 3.86 3.79 4.02 3.90 4.27 4.28 4.00 3.67 - 50.00 3.72 3.67 3.92 3.78 3.85 3.81 3.79 3.85 3.76 3.99 3.88 4.25 4.32 3.99 3.67 	
- 50.19 3.78 3.71 3.86 3.72 3.80 3.78 3.81 3.85 3.72 3.99 3.86 4.25 4.34 4.00 3.67 - 
k 
50.38 3.83 3.76 3.85 3.71 3.78 3.76 3.81 3.85 3.72 3.99 3.85 4.25 4.34 4.00 3.68 	- 50.58 3.86 3.81 3.86 3.71 3.80 3.76 3.81 3.85 3.74 3.99 3.85 4.25 4.30 4.00 3.68 - 50.77 3.88 3.88 3.92 3.72 3.81 3.74 3.82 3.85 3.76 3.99 3.85 4.25 4.27 4.00 3.65 	- 50.96 3.93 3.93 3.97 3.74 3.83 3.74 3.82 3.85 3.79 4.00 3.85 4.23 4.27 4.00 3.62 - 51.15 3.99 3.97 4.02 3.74 3.87 3.74 3.84 3.85 3.80 4.02 3.85 4.21 4.25 4.00 51.35 4.02 4.00 4.06 3.76 3.92 3.74 3.84 3.85 3.81 4.04 3.85 4.20 4.23 4.00 
- 
- 
51.54 4.02 4.06 4.07 3.79 3.99 3.74 3.85 3.85 3.83 4.07 3.86 4.18 4.21 4.00 
- - 
51.73 4.02 4.09 4.11 3.81 4.06 3.76 3.87 3.85 3.86 4.11 3.88 4.18 4.20 4.00 
- - 
51.92 4.02 4.09 4.13 3.83 4.08 3.81 3.87 3.85 3.92 4.14 3.90 4.18 4.14 4.00 
- - 
- 	 - 52.12 4.00 4.09 4.14 3.86 4.10 3.85 3.87 3.85 3.95 4.16 3.92 4.18 4.11 4.00 - Cn 52.31 3.99 4.07 4.14 3.90 4.12 3.86 3.87 3.85 4.00 4.14 3.93 4.18 4.09 3.97 
- 
52.50 3.97 4.06 4.14 3.92 4.14 3.88 3.87 3.86 4.04 4.11 3.95 4.18 4.09 3.93 
- - 
H 52.69 3.95 4.04 4.13 3.92 4.15 3.90 3.89 3.90 4.07 4.07 3.97 4.16 4.09 3.92 
- 	
- 
- Cn 52.88 3.97 4.00 4.07 3.90 4.17 3.95 3.92 3.93 4.09 4.06 3.99 4.16 4.09 3.92 
- 
53.08 3.97 3.97 4.04 3.90 4.17 3.99 3.95 3.95 4.12 4.06 4.00 4.18 4.09 3.92 
- - 
53.27 3.97 3.93 4.00 3.92 4.15 4.00 3.97 3.97 4.14 4.07 4.04 4.21 4.11 3.92 
- - 
53.46 3.97 3.90 3.99 3.93 4.14 4.02 3.99 4.00 4.18 4.09 4.07 4.25 4.13 3.88 
- - 
53.65 3.99 3.88 3.99 3.93 4.10 4.04 3.99 4.02 4.21 4.09 4.09 4.27 4.14 3.85 
- - 
53.85 4.00 3.88 3.95 3.95 4.06 4.04 3.99 4.04 4.21 4.07 4.13 4.25 4.14 3.82 
- - 
54.04 4.02 3.88 3.93 3.97 4.06 4.04 3.99 4.07 4.20 4.06 4.14 4.21 4.16 3.79 
- - 
54.23 4.06 3.88 3.92 3.97 4.06 4.02 3.99 4.11 4.20 4.04 4.16 4.20 4.18 3.77 
- - 
54.42 4.09 3.90 3.93 3.99 4.08 4.02 3.99 4.14 4.18 4.04 4.17 4.18 4.21 3.75 
- - 
54.62 4.11 3.92 3.95 4.00 4.08 4.04 4.00 4.16 4.16 4.04 4.19 4.16 4.25 3.74 
- - 
54.81 4.13 3.93 3.97 4.04 4.08 4.04 4.04 4.16 4.14 4.06 4.21 4.16 4.30 3.73 
- - 
55.00 4.13 3.93 3.99 4.06 4.08 4.02 4.06 4.14 4.14 4.08 4.23 4.14 4.35 3.71 
- - 
55.19 4.13 3.93 3.97 4.06 4.08 3.99 4.07 4.15 4.13 4.09 4.26 4.13 4.37 3.69 
- - 
55.38 4.13 3.93 3.95 4.04 4.08 3.95 4.07 4.17 4.09 4.07 - 4.11 4.37 3.69 
- - 
55.58 4.13 3.93 3.92 4.02 4.08 3.93 4.07 4.16 4.06 4.04 - 4.11 4.37 3.74 
- - 
55.77 4.11 3.92 3.90 4.00 4.05 3.93 4.08 4.18 4.02 - - 4.11 4.35 3.81 
- - 
55.96 4.09 3.88 3.91 3.99 4.02 3.93 4.08 4.20 4.01 - - 4.13 4.34 3.88 
- - 
56.15 4.04 3.86 3.92 3.95 4.02 3.92 4.11 - 4.01 - - 4.16 4.32 3.92 
- - 
56.35 3.99 3.83 3.93 3.90 4.02 3.90 4.12 - 4.01 - - 4.16 4.30 3.96 
- - 
56.54 3.93 3.81 3.91 3.85 4.02 3.90 4.13 - - - 
- 4.14 4.27 3.99 
- - 
- 	 - 
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56.73 3.90 3.78 	- 3.79 4.02 3.89 	----- 4.13 4.23 4.03 	- 	 - 
56.92 3.85 3.75 	- 3.67 4.03 3.87 	----- 4.09 4.20 4.05 	- 	 - 
57.12 3.79 3.74 - 	 3.55 4.05 3.85 	----- 4.07 4.20 4.08 	- 	 - 
57.31 3.74 3.72 - 	 3.43 4.06 3.85 	----- 4.06 4.20 4.10 	- 	 - 
57.50 3.71 - - 	 3.32 4.08 ------ 4.06 4.20 4.11 	- 	 - 
57.69 3.67 - - 	 3.22 4.08 ------ 4.04 4.20 4.09 	- 	 - 
57.88 3.62 - - 	 3.11 4.12 ------ 4.02 4.23 4.07 	- 	 - 
58.08 3.58 - - 	 3.01 4.16 ------ 4.00 4.28 - 	 - 	 - 
58.27 3.57 - - 	 2.92 4.19 ------ 3.99 4.32 - 	 - 	 - 
58.46 3.56 - - 	 2.85 4.23 ------ 3.97 4.30 - 	 - 	 - 
58.65 3.54 - - 	 2.78 - 	 - 	 - 	 - 	 - 	 - 3.95 4.28 - 	 - 	 - 
58.85 3.53 - - 	 2.71 - 	 - 	 - 	 - 	 - 	 - 3.94 4.31 - 	 - 	 - 
59.04 - - - 	 2.69 - 	 - 	 - 	 - 	 - 	 - 3.95 4.34 - 	 - 	 - 
59.23 - - - 	 2.69 - 	 - 	 - 	 - 	 - 	 - 3.97 4.33 - 	 - 	 - 
59.42 - - - 	 2.69 - 	 - 	 - 	 - 	 - 	 - 3.98 4.31 - 	 - 	 - 
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12.02 	11.53 	11.01 	10.51 	9.52 	8.51 	7.51 	7.02 	6.51 	6.01 	5.51 	5.01 
aiong 
w'i11 
Clot thickness (mm) 
0.19 - 4.20 4.28 4.23 4.17 4.31 - - - - - - 
0.38 - 4.23 4.26 4.20 4.18 4.31 - - - - - - 
0.58 - 4.25 4.24 4.18 4.18 4.31 - - - - - - 
0.77 - 4.25 4.23 4.17 4.19 4.31 - 4.20 - - - - 
0.96 - 4.25 4.24 4.17 4.19 4.31 - 4.20 - - - - 
1.15 - 4.25 4.24 4.18 4.20 4.31 - 4.21 - - - - 
1.35 - 4.27 4.24 4.18 4.20 4.33 4.10 4.21 - - - - 
1.54 4.10 4.28 4.24 4.18 4.20 4.35 4.12 4.21 - - - - 
1.73 4.12 4.28 4.24 4.18 4.20 4.35 4.13 4.23 - - - - 
1.92 4.13 4.28 4.24 4.18 4.20 4.35 4.15 4.27 - - - - 
2.12 4.15 4.28 4.24 4.18 4.20 4.35 4.15 4.28 - - - - 
2.31 4.15 4.27 4.28 4.18 4.20 4.35 4.16 4.30 - - - - 
2.50 4.14 4.25 4.31 4.21 4.18 4.35 4.18 4.30 - - - - 
2.69 4.16 4.25 4.33 4.25 4.20 4.37 4.18 4.32 - - - - 
2.88 4.18 4.27 4.35 4.27 4.21 4.39 4.18 4.34 - - - - 
3.08 4.20 4.28 4.35 4.27 4.23 4.40 4.21 4.35 - - - - 
3.27 4.20 4.28 4.35 4.27 4.25 4.42 4.25 4.37 - - - - 
3.46 4.20 4.28 4.35 4.27 4.25 4.40 4.30 4.39 - - - - 
3.65 4.20 4.28 4.33 4.27 4.25 4.39 4.34 4.41 4.07 - - - 
3.85 4.20 4.28 4.31 4.27 4.27 4.39 4.37 4.42 4.07 3.88 - - 
4.04 4.20 4.28 4.31 4.27 4.25 4.39 4.39 4.44 4.06 3.87 - - 
4.23 4.20 4.28 4.31 4.27 4.25 4.39 4.41 4.46 4.06 3.87 - - 
4.42 4.20 4.28 4.28 4.27 4.25 4.39 4.42 4.46 4.06 3.89 3.14 - 
4.62 4.21 4.28 4.24 4.25 4.25 4.39 4.44 4.48 4.06 3.90 3.08 - 
4.81 4.21 4.27 4.22 4.21 4.21 4.37 4.46 4.48 4.07 3.93 3.14 3.14 
5.00 4.20 4.23 4.21 4.20 4.18 4.35 4.51 4.48 4.07 3.99 3.18 3.17 
5.19 4.18 4.20 4.19 4.18 4.14 4.33 4.55 4.48 4.07 4.02 3.22 3.17 
5.38 4.16 4.18 4.17 4.16 4.11 4.30 4.56 4.48 4.06 4.02 3.22 3.15 
5.58 4.14 4.16 4.15 4.14 4.09 4.30 4.56 4.46 4.04 4.00 3.18 3.13 
5.77 4.13 4.14 4.15 4.13 4.07 4.30 4.56 4.44 4.04 3.99 3.14 3.10 
5.96 4.11 4.14 4.17 4.11 4.04 4.30 4.56 4.41 4.04 3.97 3.14 3.10 
6.15 4.09 4.13 4.17 4.09 4.04 4.30 4.56 4.37 4.04 3.95 3.14 3.10 
6.35 4.09 4.14 4.17 4.09 4.04 4.30 4.56 4.34 4.04 3.93 - 3.10 
6.54 4.09 4.18 4.19 4.09 4.06 4.30 4.55 4.32 4.04 3.90 - 3.05 
6.73 4.09 4.21 4.21 4.09 4.07 4.30 4.53 4.30 4.06 3.86 - 2.98 
6.92 4.11 4.25 4.22 4.11 4.09 4.30 4.51 4.30 4.07 3.81 - 2.89 
7.12 4.13 4.28 4.24 4.13 4.11 4.30 4.46 4.30 4.11 3.76 - 2.82 
7.31 4.14 4.30 4.26 4.14 4.13 4.30 4.41 4.32 4.14 3.72 - 2.76 
7.50 4.16 4.32 4.28 4.16 4.14 4.31 4.37 4.34 4.18 3.71 - 2.73 
7.69 4.18 4.34 4.30 4.18 4.16 4.31 4.34 4.35 4.21 3.72 - 2.71 
7.88 4.18 4.35 4.31 4.20 4.20 4.35 4.30 4.37 4.25 3.76 - 2.73 
8.08 4.18 4.35 4.33 4.21 4.23 4.39 4.27 4.39 4.28 3.79 - 2.74 
8.27 4.18 4.37 4.37 4.23 4.27 4.42 4.25 4.41 4.32 3.83 3.53 2.78 
8.46 4.18 4.35 4.40 4.23 4.30 4.46 4.23 4.44 4.35 3.86 3.53 2.81 
8.65 4.18 4.32 4.44 4.25 4.32 4.46 4.21 4.46 4.37 3.88 3.53 2.87 
8.85 4.18 4.28 4.46 4.25 4.30 4.46 4.20 4.46 4.35 3.90 3.51 2.92 
9.04 4.18 4.25 4.46 4.23 4.28 4.46 4.18 4.44 4.34 3.92 3.51 2.99 
9.23 4.18 4.23 4.44 4.21 4.27 4.44 4.16 4.44 4.30 3.93 3.51 3.04 
9.42 4.16 4.23 4.42 4.20 4.25 4.39 4.14 4.42 4.27 3.93 3.51 3.09 
9.62 4.13 4.21 4.40 4.18 4.23 4.31 4.13 4.41 4.23 3.92 3.53 3.13 
9.81 4.09 4.20 4.39 4.16 4.21 4.28 4.11 4.39 4.20 3.86 3.55 3.16 
10.00 4.07 4.18 4.35 4.13 4.16 4.21 4.07 4.37 4.16 3.81 3.57 3.16 
10.19 4.07 4.18 4.30 4.09 4.11 4.14 4.04 4.34 4.13 3.76 3.57 3.18 
10.38 4.07 4.20 4.21 4.06 4.06 4.06 3.99 4.25 4.06 3.71 3.57 3.18 
10.58 4.06 4.20 4.14 4.04 4.00 3.99 3.95 4.14 3.99 3.65 3.57 3.20 
Continues on following page... 
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Clot thickness (mm) 
10.77 4.02 4.20 4.06 4.00 3.95 3.96 3.93 4.07 3.93 3.62 3.57 3.22 
10.96 3.97 4.20 4.01 3.99 3.93 3.92 3.92 4.04 3.90 3.58 3.58 3.23 
11.15 3.92 4.20 3.98 3.99 3.92 3.89 3.90 4.00 3.86 3.55 3.58 3.25 
11.35 3.86 4.20 3.96 3.99 3.90 3.87 3.88 3.97 3.81 3.51 3.58 3.29 
11.54 3.85 4.20 3.94 3.99 3.88 3.89 3.86 3.93 3.76 3.48 3.58 3.32 
11.73 3.85 4.21 3.92 3.99 3.86 3.94 3.85 3.92 3.71 3.46 3.57 3.35 
11.92 3.85 4.23 3.90 3.99 3.85 3.96 3.83 3.92 3.65 3.46 3.55 3.38 
12.12 3.85 4.25 3.90 3.99 3.85 3.98 3.83 3.92 3.60 3.48 3.51 3.41 
12.31 3.83 4.25 3.90 3.97 3.85 3.99 3.83 3.92 3.55 3.50 3.49 3.43 
12.50 3.81 4.23 3.92 3.95 3.85 3.99 3.85 3.97 3.57 3.51 3.48 3.46 
12.69 3.79 4.21 3.90 3.93 3.85 3.98 3.85 4.02 3.58 3.53 3.46 - 
12.88 3.78 4.18 3.89 3.90 3.85 3.96 3.85 4.06 3.60 3.51 3.44 - 
13.08 3.79 4.17 3.85 3.85 3.83 3.94 3.85 4.06 3.60 3.50 3.40 - 
13.27 3.80 4.17 3.81 3.78 3.79 3.90 3.85 4.06 3.60 3.50 3.37 - 
13.46 3.82 4.16 3.78 3.71 3.79 3.85 3.83 4.02 3.62 3.50 3.35 - 
13.65 3.82 4.15 3.73 3.64 3.78 3.80 3.81 3.99 3.62 3.51 3.33 - 
13.85 3.81 4.13 3.71 3.60 3.77 3.76 3.78 3.92 3.63 3.52 3.31 - 
14.04 - - 3.68 3.55 3.76 3.73 3.74 3.85 3.65 3.53 3.28 - 
14.23 - - 3.65 3.51 3.75 3.68 3.79 3.76 3.68 - 3.27 - 
14.42 - - 3.61 3.49 - 3.61 3.79 3.73 3.71 - - - 
14.62 - - 3.56 3.46 - 3.56 3.78 3.70 3.69 - - - 
14.81 - - - - - - 3.77 3.65 - - - - 
15.00 - - - - - - 3.76 3.60 - - - - 
15.19 - - - - - - 3.75 3.56 - - - - 
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